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SQUARE & RECTANGULAR 
MAGNET WIRE 


180C—130C—105C (Classes H, B, and A) 





Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks 


1. Extremely close diameter tolerances—no ‘'space’’ problems. 

. Process-controlled copper—no shorted turns due to slivers. 

. Uniformly applied insulations—no ‘'spacing’’—no wrinkles. 

. Uniformly soft copper for windability and handling. 

. Continuous lengths on each reel—no brazes—no faulty 
windings—no excess scrap 


Other Magnet Wires—For Every Requirement 


105C (Class A), Viny! Acetal-Nylon—NYLCLAD* 

130C (Class B), Polyester-—-BELDTHERM 

105C (Class A), solderable Polyurethane—BELDSOL” 

105C (Class A), solderable Cellulose acetate —CELENAMEL* 
105C (Class A), oleoresinous, P. E.—BELDENAMEL* 


* Belden Trademark 
Reg. U.S. Pat. Off. 











One Wire Source for 
Everything Electrical and Electronic 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead Wire © Power Supply Cords, 
Cord Sets and Portable Cord ¢ Aircraft Wires 
Electrical Household Cords ¢ Electronic Wires 


Welding Cable © Automotive Wire and Cable 
01A02H8 
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Symbol of a reputation for integrity, quality and 
service—for advanced creative engineering achieved 
by New Departure in over half a century of 
precision ball bearing manufacture. 


1200% GAIN IN 
GYRO ACCURACY 
WITH 
NEW DEPARTURE 
BALL BEARINGS! 


A major advance in gyroscope con- 
struction by Sperry Gyroscope Com- 
pany results in a remarkable reduction 
of random drift rate. Involving a spe- 
cial design of gimbal bearings, rates 


Sperry C-11 Gyrosyng Compass with Rotorace bearings 
will give ultra-precise navigation to the new jetliners. 


of 2 to 3 deg. per hour, recently con- 
sidered very good, are now cut to as 
little as 0.25 deg. per hour with still 
lower rates in sight. 


New Departure created the special 
manufacturing techniques for the high- 


precision production of unique ball 
bearings—another indication of New 
Departure’s ability to meet exacting 
instrument bearing requirements thru 
wide engineering experience and pre- 
cision manufacturing facilities. 


The Sperry Rotorace (TM) Gyroscope 
employs two bearings, one concentric 
within the other. One outer race is 
fixed to the gimbal frame, while the 
other carries a light gear by which 
it is rotated in periodically alter- 
nating directions. 


In addition to reducing random drift 
due to any microscopic irregularities 
or possible foreign particles, rotation 
of the bearing race also reduces 
bearing static or break-away friction. 











For complete details write Dept. K, New Departure 


908-195 ae) * ° 
Fhetdoadideds 5 5 Division of General Motors, Bristol, Connecticut. 
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Inmanco Curve-Formed Fibre Wedge 
being inserted in a Motor Stator 














CURVE-FORMED SQUARE-FORMED 
STYLE STYLE 


choose your 
is 


Tiumanco, 


formed fibre 


There are many reasons why motor manufacturers 
specify INMANCO Formed Fibre Wedges. Impor- 
tant among these are their low cost, toughness, their 
space-saving, hollow U shape, and their shape-holding 
advantage. 

INMANCO Formed Fibre Wedges can be supplied 
in cut-to-length pieces that match your motor slots for 
quick assembly—ideal for production work. They are 
made either with straight saw cut ends or die cut which 
permits bevelling. INMANCO Formed Fibre Wedges 
are made in 21 standard sizes, in two space-saving 
shapes. One shape is curve-formed for curved-top slots, 
while the other is square-formed for rectangular-top 
slots. Both are free from burrs. 

Write today to your nearest IMC office . . . for your 
free INMANCO selector card and bulletin on low cost, 
tough INMANCO Formed Fibre Wedges. 


wedges for... 


@ immediate shipment in 21 stand- 
ard stock sizes 


@ material and labor savings .. . 
specify cut-to-slot length 


@ lightweight, tough, secure, space- 
saving wedging 
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aoe INSULATION MANUFACTURERS CORPORATION 


—- 


grectRicg Inmanco products are manufactured exclusively by .. . 
Na a” 


CHICAGO 6, ILLINOIS © 565 W. Washington Boulevard © Phone CEntral 6-7320 
CLEVELAND 14, OHIO ® 1231 Superior Avenue, N. E. © Phone SUperior 1-2310 


We oT at ee 
SULA Oo Offices, Representatives, and Distributors in Principal Cities 
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Now 


STATIC PUWER 


Adjustable Speed Packaged Drives 


No moving parts... 


Cutler-Hammer ULTRAFLEX° DRIVES provide 
outstanding savings in installation—operation—maintenance 








No moving parts! Light, compact static power 
conversion units have replaced the conventional m-g set. 
Ultraflex Packaged Drives save up to 50% in valuable 
floor area... up to 75% in weight, permitting rapid, low 
cost installation or rearrangement of production ma- 
chinery without special handling equipment or floor load- 
ing preparations. 

No moving parts! Ultrafiex Packaged Drives pro- 
vide a new high standard of operational efficiency and 
ultra-responsive speed control. Works perfectly without 
forced ventilation ...less power wasted as unwanted 
heat. No power robbing friction or windage losses. 

No moving parts! Simple static power conversion 
units require only a fraction of the time and effort needed 
to maintain conventional rotating type drives. With 
Ultrafiex, there are no bearings, commutators, or brushes 
to service. No shafts to align. No couplings to maintain. 
No inertia loads to balance. No fans or filter to clean 
or change. 


Ultraflex Packaged Drives come complete with oper- 
ator’s station, static power conversion unit, and heavy 
duty D-c drive motor. Standard Ultraflex Drives pri vide 
an 8:1 speed range with wider ranges available upon re- 
quest. Optional features include dynamic braking, jog- 
ging, reversing, tach-generator speed regulation, ete. 

Cutler-Hammer also provides a complete engineering 
service which will custom-design a static powered adjust- 
able speed drive to meet your specific requirements. Get 
all the facts today, write on your company letterhead for 
new bulletins EN64-U231 and EN65-U231 
Cutler-Hammer Inc., Milwaukee 1, Wisconsin. 


CUTLER-HAMMER 
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Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. foreign: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.: Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, Inc. 
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ULTRAFLEX DRIVES Pack More Power 
per Square Foot...More Power per Pound 


| CONVENTIONAL m-g 
DRIVES 
SQ.FT. | LBS. 
sae wen 
3.89 550 
5.44 647 
7.0 983 
0.5 | 4830 Wall Mounted 
9.5 | 1990 Wall Mounted 
9.5 2120 6.46 
13.8 2350 6.46 


ULTRAFLEX—E 


}—-— 


Wall Mounted 
Wall Mounted 
Wall Mounted 
Wall Mounted 


ULTRAFLEX £& 1 HP to 40 HP 


Electronic Type Adjustable Speed Drives 


Ultraflex E is the simplest, most flexible, most dependable 
electronic adjustable speed drive on the market today. 
Heavy duty power tubes have replaced all ‘‘radio type” 
components assuring maximum efficiency and mainte- 
nance-free operation. Standard features of design include 
a closed loop voltage feed back system for accurate volt- 
age regulation, current limit control, and static rectifier 
field excitation. Compact design permits wall mounting 
of the control units up to 25 HP. 
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SQ. FT. LBS. 


| CONVENTIONAL m-g | 
DRIVES 

$0. FT. | tss. | SQ.FT. | 

3.89 | 3.5 

3.89 | 3.5 

5.44 i 3.5 

7.0 3.5 

3.5 

4.5 

4.5 

45 

11.7 

17 

11.7 

11.7 


ULTRAFLEX—M 
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— 





ULTRAFLEX M 1 HP to 200 HP 


Magnetic Amplifier Type Adjustable Speed Drives 


Ultraflex M Packaged Drives set new standards for ultra- 
efficient, ultra-responsive operation. Fully 15% more 
efficient than conventional rotating type drives, the static 
magnetic amplifier power conversion unit avoids all power 
losses due to friction, windage and the necessity of trans- 
ferring power across multiple air gaps as in rotating ma- 
chinery. Standard Ultraflex M drives are equipped with 
a closed loop voltage feed back system with IR compen- 
sation for accurate voltage regulation, current limit con- 
trol, and static field excitation. 
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Testing Your Classification: 
Environmental 

Design Considerations 

Reliability 


Control Your Classification: 
Systems and Servos 





The Space Environment, 


Static Switching Control Design 
A Preliminary Study 


Considerations 


Analysis of natural environments in space (above 75,000 ft) 
as they affect future equipment design. Anticipated values 
are established for atmospheric composition, pressure, solar 
radiation, ozone, dissociated gases, aurorae, ionized gases, 
solid particles and the earth’s magnetic field. 


Many illustrative examples are contained in this article giving 
the “ground rules” to be followed in static switching control 
design as it is approached through the similarities existing 
in standard relay circuits. 






R. A. Di Taranto and J. J. Lamb, Defense Electronic Products, 


ee . 4 : J. W. Stuart, Westinghouse Electric Corp., Pittsburgh 30, Pa 
Radio Corporation of America, Camden, N. J. 
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Magnetic Components Systems and Servos 
Generators 
Power 





Magnetic Amplifier Selection Fast Response Marks 
by Nomograph All-Transistor Regulator 













Advantages of using nomographs for rapid selection of mag- The use of semiconductor devices to the exclusion of moving 


netic amplifiers are cited. The derivation and use of this form part components and electron tubes permits the design of a 
of graphic portrayal of amplifier parameters are detailed, with fast and compact regulator for a generator exciter. Complet 


supporting specific examples. circuit analysis and operational description are presented. 











H. H. Hill and F. M. Kinney, Vickers, Inc., St. Louis, Mo. B. Berman, Regulators, Inc., Wycoff, N. J. 
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Basic Science and Engineering Your Classification: Materials, Mechanical /Structural Your Classification: ») 
Mathematics Metals ° 
Computers 
Design Engineering Applications ‘ 
Control 


Theory 






Titanium—lIts Properties and 
Design Potentials 


Treating Transfer Functions on 
Analog Computers 









Presented are current and potential structural and electronic 
uses for titanium and its alloys in component and equipment 
design. The physical and electrical properties of standard and 
new alloys, with fabrication data supported by charts and 
graphs, are discussed. 


A simple, direct method of applying the transfer function of 
a system to an analog computer to determine the system 
output is described and examples are given. Applicable to 
systems initially at rest or those with input conditions. The 
symmetry of a transfer function expressed in terms of the 
Laplace operator makes the application to a computer 
uniquely easy. 











C. Beck, Naval Air Development Center, Johnsville, Pa. H. E. Barkan, Associate Editor 
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@ Quick interpretations of feature article content 


@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 
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| ; 
Design Considerations Your Classification: Materials, Electrical / Electronic : Your Classification: 
Component Design Factors | Electrical Insulation and Dielectrics 
Components, Electrical/Electronic Design Considerations 
Switches | Specification and Standards 
| 
. | 7 . 
Optimum Shapes for Thermostat-Metal , International Developments in 
J . 
Cantilever Strips ' Insulation Standards 
| 
Presents details of the interrelated economic, thermal and | Report by a member of the United States delegation on the 
/ mechanical factors in the design of thermostat-metal cantilever 1958 International Electrochemical Commission meetings deal- 
am strips for mechanical and electrical applications. Methods and ing with test procedures and standards for electrical insula 
‘ data are given for analyzing each design aspect, and for com- | tion. Proposed revisions and new standards are discussed. 
bining them for most efficient utilization. | 
| 
R. M. Sears, Metals & Controls Corp., Attleboro, Mass. | J. F. Dexter 
| 
. , : | 
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Materials, Electrical /Electronic Your Classification: | Instrument and Test Equipment Your Classification: 
Electrical Insulation and Dielectrics | Design 
Testing 
Materials | 
| 
| 
aa . . — . 
Gaseous Dielectric Materials— | Automatic Analyzer Identifies 
. . 
Applications and Test Methods Circuit Faults 
| 
Application areas for gaseous (dry ) dielectrics are tabulated. Circuit checker design provides high-speed cable harness 
Fluorogases are briefly reviewed. Existing test methods for | testing with numerical readout of circuits at fault. Versatility 
measuring breakdown voltage are described. A new high-tem- { of basic design provides for expansion and adaptability. 
perature test cell is discussed and various breakdown data Unitized program system permits functional testing and mul- 
are presented and interpreted. | tiple-tie programming. 
M. L. Manning, Pennsylvania Transformer Div., McGraw- | Staff Report 
Edison Co., Canonsburg, Pa., and E. D. Padgett, Transistor In- , 
struments & Components, Inc., Morris Plains, N, J. 
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Testing Your Classification: Design Considerations Your Classification: 
Components Specifications and Standards 
Systems 









Testing Component Purged Enclosures for 
Linearity by “Least Squares” Hazardous Atmospheres 









The method of least squares applied to linearity testing of Presents the case for using NEMA 12 enclosures, slightly 
transducers such as potentiometers, synchros and _ resolvers. pressurized by a remote blower, in Class 1, Group D locations 
It may also be used in testing complete systems and loops. usually requiring explosion-proof or pressurized inert-gas en- 
closures to guard against inflammable or explosive dust or 
gases being ignited by arcing of electrical contacts. 









R. D. Moore, United Testing Laboratories, Monterey Park, H. C. Pratt, Hoffman Engineering Corp., Anoka, Minn. 
Calif. 
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New 


FROM ITT Components Divisio 


"“TANTALIT” 
capacitors 


Complete line of miniature 
tantalum capacitors for 
industrial and military applications. 


Only | T T offers you these outstanding advantages. 


| 
i 
e Superior Product — Competitively Priced 

Backed by world-wide engineering, research 

and manufacturing experience. 

Widest Ranges of Product Type 

Wet Anode, Solid Anode, Foil Type Tantalum ' 

and Miniature Aluminum Dry Electrolytic 

bi) 


Capacitors. 

Long Shelf Life — High Operating Reliability 
Protect your investment and reputation. 
Availability 

Network of warehouse and stocking 
distributors assure dependable delivery. 


Design Features WET ANODE | : FOIL TYPE 





Hermetically Sealed e Small, lightweight 
e withstands high shock and vibration 
e electrical stability e complete uniformity e 
Temperature Ranges SOLID ANODE 
wet anode: —55° C to +125°C : 
solid anode: —80° Cto-+ 85°C 
foil type: —40° C to + 85°C 
miniature aluminum: —40° C to + 85°C 


Write today for complete technical information. 


a « & 
Compone s Division 
\ 
INTERNATIONAL TELEPHONE AND TELEGRAPH SORPORATION 
P. O. BOX 412 CLIFTON. NEW JERSEY 
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Transistorized 

Portable TV Receiver 

Designed as a part of a research proj- 
ect by Mullard Research Laboratories 
in England, a 43-transistor portable 
television receiver, operating from a 
12-volt battery, is described in British 
Communications and Electronics, June 
1958. A novel scheme of scan magni- 
fication results in a 100:1 power sav- 
ing in the horizontal deflection circuits 
and 2:1 saving in the vertical. For 
example, the power requirement for 
the horizontal circuits is only 30 ma 
from the 12-volt line. A “beanstalk” 
type of distributed amplifier is used 
for applying modulation to the 17-in. 
tube. 

Since only 1 amp current is needed, 
the receiver design shows unusual ef- 
ficiency. Future designs may need less 
power. The scan magnification tech- 
niques are seen as being applicable to 
areas beyond TV receivers. They may 
find new uses in airborne devices, and 
may effect changes in the shape and 
size of radar equipment. 

It was emphasized that the model 


developed is in no way a production 
prototype; a commercial receiver is 
still a long way off. 


Flexible Quartz 
Microtubes 

Quartz  microfibers, 
veloped by the 


originally de- 
Monsanto Chemical 
Chemical De- 
partment for the Atomic Energy Com- 
mission for use in microbalanees, are 
now available as flexible tubing 0.003 
in. diam. 

Applications for this microtubing 
(tentatively named Santotube Q) are 
still largely in the exploratory stage. 


Company’s_ Inorganic 


Characteristics are given as extreme 
flexibility, tensile strength comparable 
te that of steel, resistance to high 
temperature, chemical inertness and 
high electrical insulation resistance. 


Research Bonus in 
Nylon Compound 


Research target: New nylon molding 
compound with improved flow prop- 
erties, low specific gravity, little, if 


Giant Magnets at Work: One of the 240 magnets, each 7 ft long, used in new 
synchrotron at Brookhaven National. “Strong focusing” depends on the ability of 
these huge magnets to hold electrically-charged protons on course to hit and break 
the nuclei of other atoms for observation and study. Unusually uniform electrical 
steel required for the magnets was supplied by Allegheny Ludlum Steel Company. 


OCTOBER 1958 


any, shrinkage on cooling, and a wide 
melting range above 500 F. Research 
result: Apparently an excellent new 
high-level radiation dosimeter material. 
First issue of the Stanford Research 
Institute SRI Journal reports an at- 
tempt to synthesize a new nylon from 
two building blocks: the commercially 
well-known nylon 6 used widely in 
molding compounds and in textiles 
(but on the low-temperature side), and 
nylon 6T (containing terephthalic 
acid), a material of good strength 
but with commercially unmanageable 
high melting point. The synthesized 
nylon X showed the anticipated good 
molding properties but disappointingly 
exhibited poor distortion resistance at 
high temperatures under load. 
Diagnosis led to irradiation as an 
established means for inducing molec- 
ular cross-linkage and a consequent 
improvement in distortion resistance. 
An immediate result was a completely 
unexpected modification in color: the 
nylon changed from a clear white to a 
bright blue. Although 
induced by irradiation are 
common in plastics, this color modifi- 
cation was of an “unprecedented” 
clarity, sharpness and depth. 
Two applications are indicated as a 
result of this phenomenon: 


deep, color 


changes 


1. As a high-level radiation dosim- 
eter, nylon X can be used to deter- 
mine the total dosage of an irradiated 
sample, within which it may h2 em- 
bedded. Since the amount of color 
change is proportional to the dose 
received, the nylon can be used only 
for high level work. It takes 10,000 
roentgens of radiation to make the color 
first appear. 

2. Nylon X can also be used in the 
path of a radiation source to map the 
densities of the beam at various points, 
as well as the depth of penetration. 


Human Factors in 
Missile Design 


The toxicity of certain materials under 
normal emergency missile operating 
conditions is essentially a critical de- 
sign problem. It is being investigated 
by design engineers, human factors 
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Research 
Horizons 





engineers, and specialists in underwater 
and space medicine. 

A co-ordinated program for the 
research, screening and control of ma- 
components that are de- 
into the Polaris missile has 
been established by the Bureau of 
Ordnance, Special Projects Office, in 
charge of the Polaris program, and 
the engineering staff at Lockheed Mis- 
sile Systems Division, the Polaris pro- 
gram manager. A medical advisory 
committee set up by the special Proj- 
ects Office, with representatives from 
the Navy’s Bureau of Medicine and 
Surgery, the Naval Medical Research 
Laboratory at New London, and other 
Navy agencies, has initiated research 
and systems for the missile 
program based on the following five 


terials and 


signed 


control 
steps: 


1. Lockheed inventories all items 
of material and components which are 


ow Research Note 


to be used—or which be used 
in the future. 

2. Lockheed makes a _ general 
screening for potentially toxic material, 
using ground rules provided by the 
Special Projects Office. 

3. A list of items which are not 
eliminated is passed on to the Special 
Projects Office. 

4. Special Projects, 
sources of the Naval medical labora- 
tories, conducts a more _ intensive 
screening which may require an exten- 


may 


using the re- 


sive toxicological research program. 

5. The toxic potential of identified 
materials and components is relayed 
tc Lockheed and, whenever possible, 
a non-toxic substitute will be used 
in the missile design. If it is not pos- 
sible to use a _ substitute, adequate 
personnel safeguards will be incor- 
porated into the design of the missile 
system. 


British Photometry 

Test Facilities 

Photoelectric cells are used to measure 
the total luminous flux emitted by a 
light 15-ft integrating 
sphere recently constructed at the Na- 
tional Physical Laboratories, Tedding- 
ton. England, for photometric studies. 


source in a 


A Capsule Review of High-Temperature 


AMONG THE MANY POTENTIAL USES of high- 
temperature conditions are the direct pro- 
duction of hard-to-reduce metals by dis- 
sociation of their compounds (oxides, for 
example); the direct production of free 
radicals useful for energy storage or for 
‘strange’ chemical reactions; of intense 
line sources for photochemical production; 
of surface treatments or new ‘impossible’ 
compounds; or of high-intensity radiation. 
A better understanding of high-temperature 
processes will permit improved operation 
and developments in the field of reaction 
motors for supersonic aircraft and mis- 
siles. There is challenging opportunity for 
use of high temperatures in research on 
new refractories, metals, alloys and corro- 
sion-resistant materials. 

e@ The precise meaning of temperature 
is important. Conventionally, temperature 
is defined by use of the second law of 
thermodynamics. It is, therefore, a term 
having meaning only when equilibrium 
exists. Its use is strained but still helpful 
when equilibrium exists only in a portion 
of the system at hand. In extreme tem- 
perature systems, such an equilibrium 
often either does not exist or is very dif- 
ficult to prove. Trouble and confusion may 
arise if the problem is ignored. 

e In his practical fashion, the engineer 
generally uses temperature only as an 
index of what goes on in a process, At the 
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low temperature range he usually employs 
(up to, say, 1500 Kelvin) there is generally 
no ambiguity or uncertainty as to the 
meaning of the term or of its application. 
Thermometers, thermocouples, pyrometers 
and the like afford reliable measures of 
such temperatures. Above this range, how- 
ever, there is no reliable direct method for 
determining temperatures. 

@ Statistical mechanics gives us a base 
upon which an alternate definition of tem- 
perature can be made. It leads generally 
to the same conclusions, but allows sharp 
insight into the many processes which can 
go on simultaneously in high temperature 
operations and which may be in equilib- 
rium among themselves but not with each 
other. For example, the temperature of the 
ionized electrons in a gas may not be at 
equilibrium with the various rotational, 
translational or vibrational modes of the 
atoms or molecules present. 

e The 
often met within systems at very high tem- 
peratures. It is in gaseous systems that our 
theoretical understanding is often best. Yet 
in these normally simple systems at least 
six kinds of temperature are definable and 
observable; for example, “electronic tem- 
perature,” which is based upon the kinetic 
energy of the electrons and their response 
to the probe. 


gaseous state is the one most 


The new sphere replaces an older 
10-ft sphere. 

Standard technique for measuring 
the total luminous flux emitted by a 
light source is to place the lamp at 
the center of an integrating sphere, and 
measure the brightness of the sphere 
surface. The result is compared with 
the brightness produced by a known 
source when it is placed in its turn in 
the sphere. Ratio of these two results 
ic, for similar sources, the same as the 
ratio of the light outputs of the two 
sources. The theory of the method is 
strictly applicable to “point” sources. 
Provided that the sphere is large in 
comparison with the 
found that reasonable correlation can 
still be obtained. 

The new sphere was constructed 
from preformed segments of aluminum 


source, it is 


alloy assembled on site by argon are 
welding. The door then 
cut in the main shell. The door is fully 
balanced and in the 
forms a platform within the sphere for 
operators to stand on while inserting 
er removing lamps and _ fittings. 
Measurements of the brightness of 
the interior are made using a photo- 
cell mounted outside which 
light through a diffusing window flush 
with the internal 


breach was 


open position 


receives 


surface. 
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High-Temperature Sources 


e@ There are three methods by which 
high temperatures may be attained with 
optimum utility, range and adaptability: 
the solar furnace, the new direct combus- 
tion flames, and the electric, liquid-cooled 
arc. For somewhat more restricted pur- 
poses, there are flames of the dissociation- 
recombination type; electric arcs using 
metal or carbon electrodes; arc flames; 
shock waves; ballistic pistons; and ther- 
mal spikes (due to irradiation by high 
energy particles). The approximate tem- 
perature range data available on each are 
summarized in the accompanying table. 

e@ Solar Furnace. Energy from the sun 
supplies about 0.1 watt/sq cm under the 
most The entry of 
energy from one side of a furnace often 
allows the material itself to form the con- 


favorable conditions. 


tainer for the reaction. This is a decided 
advantage in many instances. The solar 
furnace, however, is inefficient for heating 
transparent substances such as gases. 

e@ Pre-Mixed 


considerable advance in flame technology 


Combustion Flames. A 
has recently made it possible to reach a 
reported 5000 C for considerable periods. 
The use of flames for high temperature 
research has advantages; large 
volumes may be treated at constant heat 


several 
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Design of Visual Displays 
Involving Vigilance Tasks 

The degree of operator concentration 
on visual displays may be a critical 
factor in the design of such devices 
as radar. Considerable investigation 
therefore is carried on in regard to 
so-called “vigilance tasks.” In a_ two- 
part report, “Attention to Visual Dis- 
plays During a Vigilance Task,” Dr. 
C. H. Baker, Defense Research Med- 
ical Laboratories, Toronto, analyzes 
two aspects of the subject: 

> Biasing Attention: Experiments were 
conducted in which subjects were 
asked to search visual displays and 
report the appearance, at any location 
on the display, of a spot of light which 
persisted for one second. On displays 
with and without a rotating radial 
line it was found that subjects detect 
light near the 
periphery of the display. By modifying 


fewer such spots of 


a radar-like display in order to fa- 
cilitate a changed pattern of visual 
search, it was demonstrated that more 
peripheral spots could be detected. 

Maintaining the Level of Vigilance: 
Analysis of data in the experiments 
noted shows that 


performance does not necessarily de- 


above perceptual 


input, gases can be so heated, and the 
‘thrust’ from the process is usable. 

@ Recombination Flames. This is an- 
other mode of reaching rather high tem- 
peratures. Here, stable gas molecules such 
as COo or No are dissociated by being 
sent through the discharge of an_ ultra- 
shortwave transmitter (e.g., a 5 kw mag- 
netron at 900 mc) and allowed to recom- 
bine later. The resultant electric heating 
and recombination brings the gas to re- 
ported temperatures of over 3300 K. 

e Electric Arcs. The fact that high tem- 
perature can be reached with electric arcs 
is not new. However, recent use of arcs 
has led to considerable advance in the 
height to which the temperature can be 
made to go. Recent work indicates that 
temperatures up to 55,000 K can be at- 
tained for extended periods using ‘cooled 
arcs, 


High-Temperature Sources 


teriorate during a typical vigilance 
task. It was hypothesized that a major 
determinant of such deterioration is 
the regularity of signal appearance. 
A further experiment supported this 
hypothesis. It was further demon- 
strated that motor activity markedly 
increases during a vigilance task, the 
least active subjects tending to detect 
more signals. 

Dr. Baker was on leave with the 
Applied Psychology Research Unit of 
the Medical Research Council, Cam- 
bridge, England, when these papers 
were presented. The papers are being 
published in the British Journal of 
Psychology. 


Capsule Note on 
Rocket Research 


The basic equations and some fun- 
damental concepts of magnetoaero- 
dynamics are discussed in Mag- 
netohydrodynamics and Aerodynamic 
Heating,” by Rudolf X. Meyer, The 
Ramo-Wooldridge Corp., Los Angeles, 
Calif., a paper presented at the semi- 
annual meeting of the American Rock- 
Angeles, June 9-12, 
1958. The problem of the flow near 
the stagnation point of a body of rev- 
olution is reviewed and an_ exact 


et Society, Los 


solution is given. Data are presented 
for the heat transfer coefficient at the 
stagnation point region. The magnetic 
field strength required to accomplish 
an appreciable reduction of aerody- 
namic heating in hypersonic flight is 
discussed for the case in which ioniza- 
tion is due to thermal motion. Alter- 
natively, methods which involve elec- 
trical breakdown of the air are 
considered. 


Cryogenic Behavior of 
Materials and Components 

papers at the 1958 
Cryogenic Engineering Conference, 
held September 3-5 at MIT, Cam- 
bridge, Mass., dealt with the behavior 
of materials and under 
cryogenic environments, also with test- 
Summaries of 


A number of 


components 
ing devices. several 
papers follow: 

e Magnetic Losses at Low Tempera- 
tures, E. H. Brown and J. R. Bren- 
nand, Cryogenic Engineering Labora- 
tory, National Bureau of Standards: 
Total magnetic losses in a silicon steel 
transformer core have been measured 
at temperatures from 20 to 273 Kelvin 
using a variable-frequency simple- 
harmonic flux wave with magnetic 
field intensity amplitudes, B,,, from 2 
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e Arc Flames. By blowing a gas through 
the conductive zone of an electric arc, high 
temperatures may be obtained up to 10,000 
K. An intense plasma (an intensely ionized 
gas of zero or near zero net charge) 
emerges from these arc flames. 

e@ Shock Waves. Present techniques for 
making shock waves permit transitory 
(microseconds) attainment of temperatures 
reported up to 20,000 K. The literature on 
the subject is well advanced, as is the 
theory of this interesting phenomenon. 

e@ Thermal Spikes. The bombardment of 
solids or semi-solids by high-energy par- 
ticles such as fission products, fast neu- 
trons, protons, or fast electrons does pro- 
duce local thermal disorder transients 
called thermal spikes. The temperatures in 
such regions appear to reach 10,000 K. 
The resulting disorder and changes in the 
material often confer changes in proper- 





Useful range, 
deg Kelvin 
2500-3300 
2000-3000 
2500-3800 
1700-5300 
2500-9000 


2000-10,000 
approx. 10,000 
600-20,000 20,000 
2500-55,000 





Flames (recombination) 
Solar furnace 

Electric arcs, metal electrode 
Flames (combustion) 

Electric arcs, carbon electrode 


Flames (arc) 
Thermal spikes* 
Shock waves* 
Electric arcs, water quenched 


| Top “temperature” reported, 
deg Kelvin 





3300 
3500 
3800 
5300 
4000 (at electrode) 
9000 (in column) 
10,000 
approx. 10,000 


55,000 





*Transitory phenomena. 
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ties which are advantageous. Enhanced 
conductivity, conductivity, in- 
creases in hardness or softness, polymeri- 
zation or depolymerization are readily 
produced. 


lowered 


Predicted Uses 


e@ It is clear that further research in this 
challenging field will have many fruits. 
Like all research which is incomplete, it 
is not clear, of course, just what the re- 
sults will be. The basic thermodynamics 
and chemical physics of processes in the 
high-temperature realm are as yet in the 
introductory phase, and much of our knowl- 
edge is empirical. Despite this, it appears 
that there will emerge a large number of 
eventually attractive processes. 

e Among the products of high-tempera- 
ture research which have or will have some 
degree of beneficial merit may be listed 
the following: 

1. Abatement of corrosion and erosion 
problems in rocket and jet engines. 

2. Development of controlled low- and 
high-temperature plasmas for power switch- 
ing, ion thrust motors, fusion reaction 
feed, and cold electron sources. 

3. Increased efficiency of rocket motors. 

4. Production of new ‘impossible’ in- 
organic compounds, semiconductors and 
polymers. 

5. Low cost solar energy. 
naces as presently made are expensive.) 

HERBERT A. POHL 
Plastics Laboratory 

Princeton UNIVERSITY 
Princeton, New Jersey 


(Solar fur- 
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to 10 hysteresis. or 


frequency 


kilogauss. The 
independent part of the 
losses. was obtained by graphical ex- 
trapolation. For all field intensities 
this hysteresis loss increases with de- 
creasing temperature but the relative 
increase at any temperature is inde- 
pendent of field intensity. At all tem- 
peratures the hysteresis loss can be 
represented, within the accuracy of the 
data, by an empirical equation. 

e Mechanical Properties of Insulating 
Plastic Foams at Low Temperatures, 
R. M. MeClintock, Engi- 
neering Laboratory. Bureau 
of Standards: The modulus, 
Young’s modulus. and tensile strength 


Cryogenic 
National 
shear 


of expanded polystyrene in three den- 
sities and an expanded epoxy resin 


were given at temperatures between 


Research 


Note wm 


20 and 300 K. Measurements in three 
mutually directions 
show that these commonly-used low- 
insulating 
not as isotropic as had been supposed. 
{pproach to Localized 
Cooling of Infra-Red Detectors, R. 
Culbertson and D. King, Aro Equip- 
Corp.: The need for cooling 


perpendicular 


temperature materials are 


e Cryogenic 


ment 
photoconductor detectors to a_tem- 
perature of 77 K has become neces- 
sary to increase their response range 
in the 0.07 to 10.0-micron wavelength 
region. The overall efficiency of cooling 
gases is 


by the law of expanding 


extremely low even though the prob- 
lems of reliability are resolved by the 
use of liquefied gases. A series of re- 
search tests at the Aro Equipment 
Corp. has established that a 
efficient method of cooling can be ac- 
cemplished by the direct transfer of 
liquid gases. This paper explored the 
direct transfer of liquefied gases for 
factual data 


more 


cooling and _ presented 
as to the reliability, the reduction of 
weight and the minimized complexity 


of this approach. 
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e Wide-Range Cryostat Temperature 
Control, R. D. Goodwin, Cryogenic 
Engineering Laboratory, National Bu- 
cryostat adjust- 
temperature 


reau of Standards: / 
able to any subambient 
is useful for electronic research, for 
example, in elements such as_ ther- 
mistors or piezoelectric resonators. A 
method was described for maintaining 
a precision of temperature control in 
the range 0.1 to 0.0001 K in regions 
higher than the temperature of a suit- 
able condensed gas refrigerant. An 
electrically-heated object is controlled 
by resistance thermometers in selected 
bridge circuits operating through a 
power regulator circuit. The control 
system is characterized by manual reset 
for significant change of conditions, 
and by a restoration heating approxi- 
mately proportional to the square of 
small temperature deviations from the 
set point. Anticipated control is com- 
puted for small changes of an internal 
heat source, of the refrigerant tem- 
perature, of drift of the 
amplifiers and of the thermal insulation. 


—A.E.J. 
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Future Electronic Components Miniaturization—a British View 


COMPONENT SIZES AND SHAPES have always 
influenced the design of electronic equ'p- 
ments. As components have been minia- 
turized, so equipment designers have been 
able to reduce the size of their apparatus. 
By use of the most recently developed 
subminiature components in conjunction 
with transistors on miniature printed wir- 
ing boards suitably stacked, it appears that 
the limit of practical miniaturization has 
now been reached. 

e Any further miniaturization now 
means a fundamental change in component 
design using the active element only. This 
means that flat-shape components consist- 
ing of thin films of resistive, capacitative, 
magnetic and conducting materials will 
probably be the next generation of com- 
ponents to be developed for what are now 
termed “microminiaturization” techniques. 

e@ Resistive films have already been de- 
veloped and evaporated nickel/chrome, 
sprayed metal oxide and fired gold/plati- 
num and gold/palladium films are avail- 
able in various forms in addition to car- 
bon films of various types. 

e Capacitative films are available as 
metallized plastics down to fractions of a 
mil; dry anodic films are being made ex- 
perimentally, and evaporated dielectric 
films of silicon monoxide, dioxide, etc. 
have been made. For low-voltage operation 
films of zinc sulphide, tantalum oxide, etc. 
have been made experimentally, but their 
characteristics have not been fully eval- 
uated. 

@ Magnetic alloys made by powder met- 
allurgy techniques have been rolled down 
to fractions of a mil, and nickel/iron has 
been evaporated as an alloy using a mag- 
netic. field to orient the domains. 
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e Printed wiring has already shown the 
high current-carrying capacity of thin cop- 
per films as connecting wires; as a further 
step, conducting films of aluminum, nickel, 
etc., for contacts to printed circuit com 
ponents may readily be evaporated. Some 
contact problems, however, still remain 
in very thin film component techniques, 
particularly for the higher operating tem- 
peratures. The accompanying chart sum- 
marizes the possible methods of fabrication 
of these film components. 

e Germanium transistors are already being 
fabricated in flat plate form; their use in 
conjunction with film components opens 


up future possibilities of microminiaturiza- 
tion. Flat shape 
mounted by two methods 
single plate or multiple-stacked smaller 


components can be 
either on a 


plates. 
e An even further look into the future 
makes it obvious that present work in 
solid state physics will provide molecular 
amplifiers, parametric amplifiers, masers. 
“Molecular electronics” may then play a 
part in shaping the components of the 
future. 

G. W. A. DUMMER 

Roya Rapar EstaBLisHMENT 

Great Malvern, Worcs. England 


Stacked or Solid Assembly 





Resistive films 
Carbon composition mixtures 
Cracked carbon 
Fired gold/platinum, 
gold/ palladium alloys 
Sprayed metal oxide 
(tin/antimony, etc.) 
Evaporated nickel/chrome, 
etc. 


Dielectric films 


Plastic lacquers 


Plastics films 


Dry anodic films 
Evaporated silicon monoxide, 


etc. 





Vagnetic films 


Rolled from alloys 
Electrodeposited 
Evaporated 


Rolled and thinned 
by etching 





Conducting films 
Etched metal 
Evaporated 


Chemically 
reduced 


High-K ceramic films 


Tantalum oxide 
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Another New and Better Product 
developed by FANSTEEL Research 


Fansteel Introduces 


CAST-BOND Electrical Contacts 


For Heavy Duty Circuit Breakers and Switchgear 


If you are now using, or plan to use, electrical contacts 
in high current applications, this announcement of 
Fansteel’s new Cast-Bond contacts is important to 
you because now you can be sure of: 


. « » maximum electrical conductivity PLUS ex- 
tremely high heat dissipation and maxi- 
mum resistance to arc erosion 


. . » better thermal conductivity 


+ » » and greater mechanical bond strength. 


This latest Fansteel development completely elimi- 
nates braze failures—because there is no braze. Fansteel’s 
exclusive process casts the copper backing directly on 
to the contact material providing a continuous metal- 
to-metal bond. 


Cast-Bond contacts can be produced to your specifica- 
tions at costs generally lower than the conventional 
brazed unit, because the internal machining of the 
mating surfaces of contact and backing is eliminated. 


Cast-Bond contacts are available in most grades of 
copper-tungsten Fastells. A variety of shapes and sizes 
can be produced. 


Get the complete story in our new Technical Data 
Bulletin 7.110—better still, send us samples of the 
contacts you are now using and let our engineers 
determine if a new Cast-Bond contact won’t give you 
more efficient and reliable performance at less cost. 


Electrical Contacts and Specialties Division 


FANSTEEL METALLURGICAL CORPORATION, x 


Circle 108 on page 17 





CHROMALOX 
| = = om a ii 
TUBULAR 
HEATERS 


..-. bend to the shape 
you need 


Here is your quick, efficient and eco- 
nomical answer to hundreds of electri- 
cal heating problems. Clamp to metal 
surfaces, fit into machined grooves, 
cast into metals, immerse in liquids, 
install in ovens and ducts. 

Versatile Chromalox Electric Tubu- 
lar Heaters may be ordered in straight 
lengths or factory formed to nearly 
any shape required. 

Select sheath metal and wattage to 
match your application and operating 
temperatures. 


FREE—Send today for these 
2 BIG HEATING HELPS 
Catalog 50 — describes 
complete Chromalox line 
of “packaged” heaters, ele- 

ments and controls. 

Booklet F1550 — “101 
Ways to apply Electric 
Heat.” 


CHROMALOX 
* a8 ¥/ CTL. the at 
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Modified “Do-It-Yourself” 
Slide Rule 


| CARLO FUGAZZI 


AMERICAN Bosco ARMA 

Roosevelt Field, Garden City, N.Y. 

The practice slide rules in Ira Ritow’s 
article “Slide Rule Mathematics” 
(March, April) are somewhat easier 
to manipulate (as shown in the sketch) 
if the slider is left unfolded and the 
stationary member folded around the 
slider. A paper clip completes the as- 
sembly. 








To reader Fugazzi goes a free copy of 
the “Slide Rule Mathematics” reprint 
for his suggestion. Copies of these 20- 
page two-color reprints (including 4 
practice slide rules on heavy stock for 
easy cut-out) are available. See page 
254 for ordering information. 


Q. E. D. 


Only four items—all related to electri- 
cal product design—are included in the 
sharply-curtailed list of strategic ma- 
terials to be purchased for the national 
defense stockpile during the year end- 
ing next June 30. The government 
stockpile buying agency (General Serv- 
ices Administration) has been author- 
ized to make open market purchases 
only of small diamond dies, amosite 
asbestos, muscovite block mica and 
film mica. 

Item number one establishes a point 
made several years ago in ELECTRICAL 
Manuracturinc. As a footnote to the 
article on “Wafer-Coil Techniques for 
Transformers” which appeared in Feb- 
ruary 1955, an explanation was given 
as to why the Air Force underwrote the 
development of methods of making foil 
windings for transformers and relays 
rather than wire. The answer was to 
avoid the bottleneck created during 
World War II by a shortage of diamond 
drawing dies needed for making fine 
magnet wire. Supply of industrial dia- 
monds is controlled by a European car- 
tel; drilling and finishing the drawing 


Pius or Minus 


Random Comments of the Editors and Readers 


dies is largely the work of Swiss 
artisans whose skill is passed along 
from father to son. Submarine activi- 
ties had cut off this important source 
of tooling. The recent action of the of- 
fice of Civil and Defense Mobilization 
put the Q.E.D. on this explanation. 
Amosite asbestos is a type of low 
magnesium content ore which comes 
from South Africa. Chief source of 
mica is India. Both these natural ma- 
terials enter into the manufacture of 
electrical insulation and both sources 
of supply would be subject to cut-off 
due to enemy submarine activity affect- 
ing ocean shipping. 
—F.J.O. 


Mechanical Genius 

and Human Error 
Dr. Grace M. Hopper, Director of 
Automatic Programming for Reming- 
ton Rand UNIVAC, tells the ultimate 
in “computers-are-almost-human”’ stor- 
ies. UNIVAC’s newly developed pro- 
gramming system, called “Flow-matic,” 
permits programming instructions to 
the computer in English; also the 
computer is so smart that it can take 
into consideration subtle differences in 
speech patterns. For instance, in the 
instruction, “Compare equation A with 
equation B,” the preposition “with” 
may be changed to “against” or “to” 
or simply replaced by a colon and the 
computer will still know what to do. 
However, just let some lamebrain 
human try to instruct the machine to 
do something basically wrong and out 
comes this reprimand: “Subroutine not 
listed, called for by dumkopf, dumkopf, 
dumkopf and the expletive is re- 
peated until the mistake is corrected! 
—J. R. R. 


Book Review 


This is belated and apologetic. We were 
reviewing our books-—but in the sense 
of examining those at the back and on 
the bottom shelf of our book case—and 
we came across an item, with author’s 
invitation to review, which somehow 
had been overlooked. The author’s 
note does say, “any kind of review will 
be welcome by me,” so here it is. Cool- 
ing Electric Machines and Cables, by 
Theodore de Koning, seems authorita- 
tive and good coverage of an elusive 
design area, succinctly described in the 
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Low friction of TFE resin insures 
smooth action of punched-card sensor 





Stable capacitors for 
missiles have high 
thermal,electrical ratings 


CAPACITORS made of TFE-fluorocar- 
bon resins possess outstanding stability, 
very low temperature coefficient, and ex- 
cellent insulation resistance at high tem- 
peratures, In designing these capacitors, 
only bonded mica, ceramic dielectrics 
and TFE resins were found to meet the 
temperature specifications, Of these three, 
the TFE resins were selected as having 
greatly superior electrical characteristics. 
The capacitors are rated up to 200°C, 
The dielectric constant and very high 
sensitivity of the TFE resins remain vir- 
tually unchanged over the broadest op- 
erating ranges of frequency and tem- 
perature, The dissipation factor of the 
dielectric is less than 0.0003. (Manufac- 
tured by Film Capacitors, Inc., New 
York, New York.) 





TEFLON® 


is a registered trademark... 


TEFLON is Du Pont’s registered trademark 
for its fluorocarbon resins, including TFE 
(tetrafluoroethylene) resins discussed 
herein. 
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PUNCHED-CARD SENSOR depends on 540 pins 
molded of a TEFLON resin for smooth switch- 
ing operation. The pins slide easily into the 
holes, because of the extremely low surface 


At the heart of this switching device 
are 540 pins made of a TFE-fluoro- 
carbon resin, which translate the mes- 
sage on a punched card by activating 
complex electrical circuits. Each of 
the 540 positions (arranged 12 wide 
by 45 high) hasacorresponding spring- 
loaded pin and a normally closed 
single-pole single-throw switch. The 
card is pressed forward onto the pins 
by a handle. Where there is a hole in 
the card, the pin slides through prac- 
tically without friction. Where there 
is no hole, the sturdy pin is pushed 
forward by the card and opens a 
switch. Trouble-free operation of this 
complex sensing device is dependent 
on the properties of TFE-fluorocar- 
bon resins. 


TFE-fluorocarbon resins are con- 
sidered almost perfect electrical in- 
sulators. Their dielectric strength 


Circle 110 on page 17 


friction of the resin. The sensor is used as a 
programming device for automation and for 
multiple switching. (Manufactured by Taurus 
Corporation, Lambertville, New Jersey.) 


ranges from 400 to 4,000 volts per 
mil, depending on thickness. They 
have virtually no moisture absorption, 
and retain their dimensional stability 
under all conditions of humidity. No 
other structural material has so low a 
coefficient of friction. TFE resins are 
rated for operation from close to ab- 
solute zero to 250°C. They can be 
molded to close dimensions and ma- 
chined to tolerances of half a mil. 


The properties of TFE resins might 
well be important in your next prod- 
uct. For more factson Du Pont TEFLON 
TFE-fluorocarbon resins, including 
technical data and applications, write 
to: E. I. du Pont de Nemours & Co. 


'(Inc.), Polychemicals Dept., Room 1410 


Du Pont Building, Wilmington 98, 
Delaware. In Canada: Du Pont Com- 
pany of Canada (1956) Limited, 
P.O. Box 660, Montreal, Quebec. 


15 





SHADED 
POLE 
MOTOR 


Model H 
1/550 H.P. 
to 
1/50 H.P. 








Designed andConstructed 
with Features That Insure 


EXTRA YEARS 
OF SERVICE 


When exceptionally long service is 
a must, you can rely on Gli’s new 
Model H, 2-pole, shaded-pole mo- 
tor. The Model H is constructed with 
many outstanding features that as- 
sure thousands of extra hours of 
service under the most adverse 
operating conditions. Available in 
nine models that cover a wide 
range of applications. 


DIE-CAST BEARING BRACKET... this new 
““H" Motor design includes a rugged die-cast bearing 
bracket that insures permanent precision alignment 
end adds to the over-all durability. 


OIL CAPACITY MANY TIMES 
GREATER THAN 
CONVENTIONAL MOTORS 
Oversized oil bearing reservoirs hold 
considerably more oil and wicking as- 
suring more efficient lubrication over 

a@ much longer period of time. 


Revolutionary Method 
of Packing the Oil Wicking 
A unique new method of packing the 
oil wicking assures equal oil distribu- 
tion at all times resulting in quieter 
operation and longer, trouble free life. 


Write today for catalog sheet and quantity-price quotations. 


THE GENERAL INDUSTRIES co. 
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title. Our interest centered, though, on 
one odd feature of the book. On the 
(blue) cover and repeated on the flyleaf 
and on the title page there appears the 
warning, “Not Permitted on the Prem- 
ises of Electric Manufacturers.” It 
seems that the identical book, at three 
times the price and in a red cover, is 
available for use in industry. The blue 
is only for individuals and libraries. 
Furthermore, for each red-cover book 
sold a free blue-cover book goes to an 
indigent library which has a large 
number of technical readers. (Editor’s 
note to indigent libraries: recommend 
you diversify your clientele). At any 
rate, the author threatens lawsuit for 
violation of the restriction, and since 
he obviously feels strongly about it, 
relates that he can be reached at his 
printers address: Zuid-Nederlandsche 
Drukkerij N. V., ’s-Hertogenbosch, Hol- 
land. This is handily memorized for 
use if you encounter any blue-bound 
books out of bounds. 

A.E.R. 


Correction. IN THE ARTICLE “Space 
Savings by Altered Wire Construction,” 
p 127 of the September issue, the 
formula should read D = 1.15 dvn. 
Also, an extra “e” was inadvertently 
added to the author’s name by an over- 
eager copyreader. The name should be 
Andrew T. Hawthorn. 


Design of space vehicles has been going 
on for a number of years, with flights 
reaching further and further into the 
space realm as depicted on our cover. 
Both measured and anticipated effects of 
natural space environments (those inde- 
pendent of the vehicle) are described in 
detail in the article “The Space Environ- 





ELYRIA, OHIO ment, A Preliminary Study” in this issue. 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by December |, 1958 
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New Components and Materials 
Reviews of new developments starting on 
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New Literature 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by December |, 1958 
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Reviews of new developments starting on 
page 128 
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Latest catalog and bulletin offerings starting 
on page 226 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 242 
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IN GENERAL ELECTRIC'S 
NEW PANEL INSTRUMENTS 


DISTINCTIVE APPEARANCE 


Clean-line design sparkles with functional new 
beauty—adds a distinctive touch to your finest 


switchboards and panels. Big border-to-border 
scale is framed in aluminum for better color blend- 
ing. Design innovation creates the illusion of big- 
ness, yet they fit into the same useable space as 
old style instruments. 


EXCELLENT READABILITY 


BIG LOOK styling provides up to 28% increase 
in scale length over types replaced. Easy-to-read 
numerals cannot be obscured by the slim, tapered 
pointer. Clear raised window allows natural light 
to flood scale area, keeping shadows out. 


RELIABLE OPERATION 


Self-shielding: Exclusive moving-magnet mechanism 
and the core-magnet mechanism can generally be 
mounted on magnetic or non-magnetic panels with- 
out special calibration. 
Completely Sealed: All cases are sealed with neo- 
prene gaskets to protect internal parts from dust, 
dirt, and water for extra-long, trouble-free opera- 
tion. D-c movements and a-c iron-vane movement 
are accurate to within + 2% of full scale value. 
For complete information contact your nearby 
G-E Apparatus Sales Office or Distributor; or write 
for bulletin GEA-6678A, Section 582-31, General 
Electric Company, Schenectady 5, N. Y. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 
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ACTUAL SIZE 


Although they look bigger, these a-c and 
d-c units are actually 24%4- and 31-inch 
sizes. Mounting is interchangeable with 


JAN, MIL, and ASA (round) specifications. 


GEWERAL @ evecraic 
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MAKE IT OF ALCOA.ALUMINUM BECAUSE... 


A tremendous volume of switch- 
gear bus is installed every year. 
Aluminum bus is low cost, a good 
conductor, corrosion resistant and 
easy to form, 


THESE PRODUCTS TAKE 
ADVANTAGE OF ALUMINUM’S 
LOW COST 








Low-cost, corrosion-resistant, Un- 
derwriters’ Laboratories approved, 
Alcoa Rigid Conduit has given ex- 
cellent service for over 30 years. 


ELECTRICAL MANUFACTURING 








Today, small electric motors are 
found practically everywhere. In 
many applications they must be 
light as well as economical. Alcoa® 
Aluminum not only reduces weight, 
but also reduces cost. 
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You can cut costs substantially on the products you design 
and build by substituting aluminum for more expensive 
metals. Quality is not sacrificed in any way; in fact, in many 
cases you'll be building an improved product. When you 
design and build in aluminum, here’s how you benefit from 
its low cost: 

On busway and bus—Aluminum busway is less expensive 
than copper for 600-ampere capacity and larger. In addition, 
there are savings on labor costs with aluminum. 

On wire and cable— For equivalent current-carrying capac- 
ity you get twice as many feet of aluminum per pound, which 
results in savings for you. 

In fabrication—Aluminum is one of the most workable of 
all metals. It can be formed economically by all the usual 
metalworking processes, including spinning, bending and roll- 
forming. It can be cast, forged, extruded and drawn. In fact, 
aluminum yields good results with practically any fabricating 
technique. 


Alcoa wants you to take advantage of aluminum’s low cost 
in the products you design and build. There’s an Alcoa sales 
engineer near you who can offer competent advice. Look in 
the Yellow Pages of your telephone book under “‘Aluminum,”’ 
or write to Aluminum Company of America, 2315-K Alcoa 
Building, Pittsburgh 19, Pennsylvania. 


Aluminum wound transformer coils can save money for the manu- 
facturer and the customer. Not only is the initial cost of aluminum 
less than the conductor formerly used, but strip wound coil fits 
in better with modern automation processes. It offers better space 
factors, greater production speeds, and because of its ease in 
handling and light weight, continues to offer advantages that no 
other material can match. 


Your Guide to the Best 
in Aluminum Value 


ALUAINU f ie ALCOA THEATRE 
ELECTRICAL CONDUCTORS i % Fine Entertainment 
AND ACCESSORIES 


ALUMINUM COMPANY OF AMERICA || 


Alternate Monday Evenings 


This isolated phase bus system 
employs aluminum for both conduc- 
tor and protective enclosure. Alu- 
minum is nonmagnetic, noncorrosive. 
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Collector rails on overhead indus- 
trial cranes must be strong, efficient 
conductors and resistant to wear. 
Fabricated of Alcoa Aluminum, they 
are not only efficient, but inexpen- 
sive, too. 





Table-top operation ...| and full 42-inch width... 


& 7 
Now all the advantages of whiteprinting are com- 
ses combined in one bined in a convenient TABLE MODEL—the new, 
. . low-cost Ozalid Streamliner 200. 

Whitepr inter Compact, easy to operate, the Streamliner 200 
stands just 22” high, 38” deep (including feedboard). 
With it anyone can turn out sparkling whiteprints in 
seconds up to 42 inches in width! 

OZALID Perfect for the small office, it’s an ideal stand-by 


« for the large printroom, too. For the full story call 
tre alm i ner 200 your local Ozalid representative or write Ozalid, 
Dept. K-10, Johnson City, N. Y. 
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ELECTRIC SHAVER HOUSINGS COMBS FOR HAIR CLIPPERS TV SELECTOR DIALS 


...the tough new plastic for appliance parts! 


Write for IMPLEX booklet, technical assistance on specific applications, and names of qualified IMPLEX molders. 


Tough IMPLEX, a modified acrylic for injection molding, 
offers cost reduction opportunities to manufacturers of rd 


Chemicals for Industry 


many types of home appliances. What’s more, cost reduc- C3 64 Ro =& HAA® 
tion may be accompanied by performance improvement, COMPANY 

for IMPLEX has a remarkable combination of physical WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
properties. It imparts excellent resistance to impact, 
staining and corrosion . . . exceptional toughness, stiffness 
and dimensional stability ...high surface gloss...and Canadian Distributor: Crystal Glass & Plastics, Ltd., 130 
freedom from unpleasant odor. IMPLEX can be molded  @%#en's Quay East, Toronto, Ontario, Canada. 


IMPLEX is a trademark, Reg. U.S. Pat. Off. and in 
accurately to complex shapes. principal foreign countries. 


Representatives in principal foreign countries 
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in the American Steel & Wire Spring 
Testing Laboratory, the springs rec- 
ommended for the Homecrest Chair 
go through extensive tests. This Fa- 
tigue machine, by means of strain- 
gauge verification, simulates years of 
use in a relatively short testing time. 


20,000 chairs rock on 
(iss) American Springs 
without one failure 


ELECTRICAL MANUFACTURING 
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Here is the spring recommended by American Steel & Wire for use in this chair. To supplement the AS&W tests, the Homecrest Company 
subjected these springs to a simulated rocking test. Under a weight of 250 pounds, these springs were rocked 750,000 times, without failure. 


Spring Engineering Research Service 


The Homecrest Company, Wadena, Minnesota, 
wanted to add a swivel rocking chair to their line of 
modern, functional home furniture. However, they would 
produce this chair only if it could be a quality item that 
would give good, dependable service. While designing 
the chair, they checked with the American Steel & Wire 
Spring Engineering Consulting Service. The engineers 
studied the problem, ran extensive tests and finally 
recommended a pair of round wire helical single coil 
torsion springs. Using these springs, Homecrest designed, 
fabricated and marketed the chair. Today 20,000 of 
these chairs have been sold and not one failure of an 
AS&W Spring has been reported. 


Mr. A. L. Englemann, a partner of Homecrest Company, 
says, “‘We have purchased from American Steel & Wire 
over 45,000 springs, and not one has been reported a 


American Steel & Wire 
Division of 


failure. We couldn’t be happier with American Steel & 
Wire as a supply source for our springs.” 


If you have a spring problem, or would like advice on 
the use of springs in your product, get in touch with any 
American Steel & Wire Sales Office. You can benefit 
from the knowledge of AS&W’s Spring Engineering 
Research Service. The Service has been engaged in 
laboratory experiments of static and dynamic testing 
for 20 years and has accumulated invaluable data on 
stress and fatigue life of steel springs, while endeavoring 
to improve efficiency in the use of steels, from steel 
chemistry through product application, to more eco- 
nomically cope with today’s rigorous demands. This 
accumulated knowledge of the AS&W Spring Engineer- 
ing Research Service is at your disposal. 


USS and American are registered trademarks 


United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors « Tennessee Coal & Iron Division, Fairfield, Ala., Southern Distributors © United States Steel Export Company, Distributors Abroad 


OCTOBER 1958 


Circle 116 on page 17 





PRESLOK’ 
a good buy 


Exclusive Lau locking method 
eliminates blade play at high speeds, 


cuts blower noise 


Lau Preslok construction (so exclusive it’s pat- 
ented) eliminates the problems inherent in high 
RPM operation—blade play, bowing, and noisy 
operation. Why? Because Preslok construction 
gives both center discs a total of four positive 
mechanical grips on each blade. It works so well 
that we guarantee increased operating speed 


Circumference of both Blades are punched to Two fingers on each maximums of at least 50% over previous wheels, 
center discs is key-hole leave strong metal sup- center dise slip into . ° 
punched to accommo- port between aperture blade aperture and are size for size. 
date blade aperture. and blade edge. pressed together in ~ 
locking position. Preslok wheels are available from factory 


stock in 9.sizes from 9 thru 18 inches. Isn’t it 
time you checked into Preslok—and Lau 
Blowers? Lau BLowER Company, 2027 Home 
Ave., Dayton 7, Ohio. Other plants at Irwindale, 
California and Kitchener, Ontario. 





Here's the man to call... 


Cincinnati 30, Ohio Dearborn, Michigan Kansas City 14, Missouri Seattle 55, Washington 
Don G. Jensen J. B. Wallace Charles L. Sigman William M. Peistrup 
6422 Glade Avenue 9 Byfield Lane 8906 Holly Avenue 19246 Lago Place 
Cleveland 24, Ohio Denver 2, Colorado Pasadena 8, California Syracuse, New York 
Charles C. Miley Ben T. Clark G. R. Mergenthaler Henry Seebach 

1561 Woodrow Avenue 1421 Court Place 495 Cliff Drive 560 Allen Street 
Cranford, New Jersey Elmwood Park 35, Illinois Prairie Village 15, Kansas York, Pennsylvania 
E. C. Wolford William J. Lohrey Victor Stewart E. F. Humphrey 

11 English Village 2047 77th Avenue 7112 Buena Vista 327 Lambeth Drive 
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RaM Fractional HP 
Re-Rated Motors 


NEMA FRAMES 
56 and 48 


Think of the advantages these new motors offer your products! Many new 
R&M Re-Rated Motors are less than half the weight of former designs. For 
example, the new R&M %4 hp, 1725 RPM single phase motor weighs 26 
pounds as compared to a former weight of 56 pounds. Performance, torque 
and overload service factors are well within national standards. Lightness 
and compactness have been accomplished by the selective use of lighter 
metals and more efficient double end ventilating. 

Design versatility is an advantage too! R&M Re-Rated Motors in NEMA 
Frames 56 and 48 are available as complete “off the shelf” motors with 
a wide choice of mountings, bearings, mechanical and electrical character- 
istics in sizes from 1 to % hp. They're also available as motor parts without 
end heads. Write for Bulletin 450-EM. 


Robbins & Myers build motors from 1/200 to 200 horsepower 


| ROBBING MYERS. we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


a © /P sy & 


Hoists moved pure PROPELLAIS PANG 
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SPLIT PHASE 


CAPACITOR START 


PERMANENT 
SPLIT CAPACITOR 


POLYPHASE 


OPEN AND TOTALLY ENCLOSED 
SLEEVE OR BALL BEARINGS 
RIGID, RESILIENT OR END MOUNTING 
NEMA C FLANGE 


SPECIAL PURPOSE MOTORS 


Where production quantities justify, 
experienced R&M application — 
neers weicome the 

furnish a design best suited to thew 
particular power requirements. 





VOTOR-RUN 
CAPACITORS 


for air-conditioning, refrigerators, motors, heat pumps, 


specialty transformers, voltage regulators, controls, 


and general purpose a-c applications 


CLORINOL® Capacitors 


Sprague—the world’s largest manufacturer of capacitors— 
has a complete line of motor-starting and motor-running 


CLORINOL Capacitors are designed to save both 
space and weight and to help reduce costs in many 
typical a-c applications. Their drawn seamless steel 
cases make them extra sturdy, extra compact. They’re 
made to resist corrosion . .. to take hard knocks and 
bangs... to withstand gruelling duty cycles. Double- 
rolled edges of the cover closure eliminate “pop-outs”’. 
The unique welded terminal assembly forms a depend- 
able leakproof seal. The impregnant is a non-flammable 
synthetic liquid of high dielectric strength. Dual-blade 
universal terminals fit both popular types of female 
quick-connectors. Available in all the popular ratings 
and in three case styles—oval, rectangular, and 
cylindrical. Request Engineering Bulletins No. 4500 
(general data), 4510 (oval), 4520 (rectangular), and 
4530 (cylindrical). 


KOOLPAK Capacitor Assemblies provide complete 
motor-start and motor-run capacitance in one, easily 
installed unit that’s perfectly matched to your require- 
ments. The capacitors in each assemblyare completely 
exposed for cooler operation. The internal heat is 
dissipated quickly by conduction and convection. 
These cooler-running capacitors last from two to 
three times longer than those that are stuffed into con- 
ventional box packages. KOOLPAK assemblies cost 
you less because there’s no outer box, no special leads 
or terminals to buy for interconnecting multiple ca- 
pacitors. All units are finished to pass Article 207 of 
Underwriter Laboratories’, Inc., requirements for air 
conditioners. Request Engineering Bulletin No.4900A. 


capacitors. Write for Engineering Bulletins and application ® 
assistance. Address request to Technical Literature Section, 


Sprague Electric Co.,307 Marshall Street, North Adams, Mass. 


SPRAGUE COMPONENTS: 


the mark of reliability 


CAPACITORS + RESISTORS + MAGNETIC COMPONENTS + TRANSISTORS + INTERFERENCE 
FILTERS «+ PULSE NETWORKS «+ HIGH TEMPERATURE MAGNET WIRE + PRINTED CIRCUITS 
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TRUFLEX 


Cutaway view of Federal Pacific's new circuit breaker showing TRUFLEX parts. 


Federal Pacific Chooses 
» thermostat Metal Assemblies 
for new Circuit Breaker 


In designing its AB circuit breakers, Federal Pacific 
Electric, like more and more manufacturers, turned to 
General Plate for TRUFLEX Thermostat Metal Assem- 
blies. Here’s the reaction of C. A. Schmidt, Manager of 
Federal Pacific’s Products Department: 

“The TRUFLEX Thermostat Metal Assemblies in our new 
AB breaker equipment have more than proven their de- 
pendability and we are more than satisfied with the per- 
formance of these TRUFLEX components.” 

General Plate manufactures these TRUFLEX Assem- 
blies to Federal Pacific’s exacting specifications and 
every piece is a duplicate of the original. Today General 
Plate makes TRUFLEX parts and assemblies for hundreds 
of manufacturers who have found that TRUFLEX means 
better control, indication and compensation of tempera- 
ture in a wide range of products. 


Here’s why: 

@ Truflex parts and assemblies are engineered to 
your specifications — made with precision and 
uniformity, ready for installation. 


@ This eliminates the need for you to carry out 
prolonged experimental work and provide spe- 
cial manufacturing equipment. Expensive cali- 
brating operations are not necessary when you 
use TRUFLEX parts. 


@ If you prefer to make your own parts, TRUFLEX 
metals are available in extra long coils or flat 
strips manufactured to exact specifications. 


A few typical TRUFLEX formed parts and sub-assemblies 


Sr 


You can profit by using General Plate clad metals. 
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METALS & CONTROLS IMM 


General Plate Division 


wi 


KLtxoN 


CORPORATION 


1910 Forest Street, Attleboro, Mass. 





FIELD OFFICES: NEW YORK * CHICAGO ® DETROIT * INDIANAPOLIS ® MILWAUKEE * PASADENA 
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Behind the quality of Phelps Dodge 





Abrasion resistance Film flexibility 
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Solvent resistance 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 


POSTE SSNS, 3), SRBED ALLO 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 
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Phelps Dodge Formvar magnet 
wire has a high quality and 
balance of essential properties 
that are the result of carefully 
controlled testing throughout the 
manufacturing process. These 
balanced properties offer greater 
abrasion resistance, exceptional 
film flexibility, improved solvent 
resistance and high product 
uniformity—factors that serve to 
make Phelps Dodge Formvar the 
standard ‘‘yardstick’’ for the 
electrical equipment industry. 
Phelps Dodge Formvar is 
available in round, square 

and rectangular shapes. 


Any time magnet wire is ‘your 
problem, consult Phelps Dodge 
for the quickest, easiest answer! 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 

TO MARKET! 





GLOBE BASIC A.C. MOTOR PACKAGES 


SS ‘ 
| 
-- 1.070 
Se 


49 standarc gear ratios 
trom 2.561 to 36,873:1 


clutches. brakes and 
clutch brabes available 


TYPE MC 


60- 400+ or vanable frequency 129 standard gear ratios 
trom 2.56.1 to 46,656.1 




















1, 2 or 3 phase 
clutches, brakes and 
clutch brekes available 














TYPE FC 
S- 400+ or variable trequency 102 standerd gear ratios 
trom 4.1 to 3.000.000 
ghewe ir 1 te 3,000.000:1 
nght angie gear units 
clutches, Drakes and 
clutch brakes avaiable 


GLOBE A.C. MOTORS / GEAR REDUCERS 


In precision miniature motors, gear reducers, and 
small-package devices using clutches, brakes, 
and other components, Globe Industries has the 
hardware to meet your requirement. From a 
single source you can get fast 2 to 4 week pro- 
totype delivery of standard units. Modular 
design, interchangeable precision parts, and an 
efficient special order department are specific, 
unique reasons why you get what you need be- 
fore your design grows cold. 


Three basic A.C. motors are shown above. 
With their integral gear reducers they reliably 
span the torque range to more than 2000 in. 
oz. Custom modifications are a specialty. 

Globe motor packages were chosen for the 
Army’s Jupiter C, and as you read this, at least 
one such package is circling the earth. Ask the 
largest precision miniature motor manufacturer 
first. Request the Globe A.C. Motor Catalog now. 
GLOBE INDUSTRIES, INC., 1784 Stanley Avenue, 
Dayton 4, Ohio. BAldwin 2-3741. 
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WHEELOCK SIGNALS INTRODUCES eeee 


TITILLATED MAN 


A composite of design engineer, purchasing agent, production foreman, 
quality control supervisor, and executive defender of the company dividend. 
Each individual need of his corporate personality is coddied and gratified by 
Wheelock’s rational design concepts, space minimalization techniques, environ- 
mental stability, price, and delivery capabilities. 
He is at once, and by himself .. . a family, and a divinely happy one. And he 
sleeps the sleep of the self-assured because, stitched onto his chest in a place 
far from the prying eyes of alert competitors is the secret of his serenity: 





“For reliable relays (miniature, subminiature and standard), 
call Wheelock.” 











TO BE TITILLATED TOO, WRITE US OF YOUR RELAY NEEDS 


SIGNALS 


Cn. RELAYS HIS LONG BRANCH, N. J. 
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First polyester high-temperature 
magnet wire in full range of sizes 


— — SQUARE 


— — RECTANGULAR 


Anatherm, Anaconda’s Class 155°C polyester film- 
coated magnet wire is now available in single, 
heavy, triple and quadruple grades of round wires 
(sizes 8 through 46) and in a full range of sizes of 
squares and rectangulars. This is the first time a 
complete range of sizes and shapes has been offered 
in this type wire. 

Fully tested for use at temperatures up to 155°C, 
Anatherm was also the first film-coated wire to meet 
the newly adopted AIEE 155°C (Class F) rating. 

Anatherm gives you greater thermal stability— 
plus excellent abrasion-resistance, chemical stabil- 
ity and dielectric strength. Thus Anatherm is ideally 
suited for manufacturers seeking maximum per- 


Ms SEE THE MAN FROM 


formice™ FOR 


formance and reliability from smaller and smaller 
equipment operating at higher and higher tem- 
peratures. 

As a polyester magnet wire, Anatherm can be 
used equally successfully at any “hottest-spot” tem- 
peratures over the range of 105°C to 155°C. If 
youre on the spot about high-temperature magnet 
wire, ask the Man from Anaconda about Anatherm. 


Write for free Anatherm technical bulletin: 
Anaconda Wire & Cable Co., 25 Broadway, 
New York 4, New York. 

S364 


Circle 124 on page 17 


NACONDA 


FROM ANACONDA ...THIS WIDE VARIETY OF TOP-QUALITY MAGNET WIRES— 


PLAIN ENAMEL (Class A—105 C) 
low-cost enameled magnet wire 


ANALAC (Class A—105 C) VITROTEX (Class B—130 C) 


solderable magnet wire giass-insulated, high heat resistance 


NYFORM (Class A-105 C) 
high resistance to winding hazards 


~~ ry “4 hoa % fa) 
yy \! : 8 
ai 4) SS Lg eae ; 2 


EPOXY (Class B—130 C) 
all-round compatibility 


> d 
WEY CD n 





NEW! For the Electrical “Specialist” 


15 Special tapes that meet every possible electrical need. 
A complete line that sticks fast, holds fast! 


Now, 15 brand-new special electrical tapes are added to the Johns-Manville 
Dutch Brand line—providing a low-cost, high efficiency tape for every 
possible need! Backed by 100 years of experience in the insulation field, 
Johns-Manville offers you a special tape for each job . . . from isolating 
the elements of a transistor to insulating the field coils of a 100-HP motor. 
You choose the exact material, thickness, and width that proves most 
effective and economical in a particular application. Some Dutch Brand 
tapes are thermosetting; all have special adhesives to fit specific uses. All 
provide instant adhesion, permanent holding power, resistance to elements 
and last twice as long on the job. Johns-Manville Dutch Brand electrical 
tapes are made to new formulas, using the finest materials produced under 
rigidly controlled manufacturing conditions. 


Write for complete information on all 15 tapes today. Johns-Manville 
Dutch Brand Division, 7800 South Woodlawn Avenue, Chicago 19, Illinois 


E 


Jouns-MANVILLE JM 


100 YEARS OF QUALITY PRODUCTS 1858-1958 K 
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Here Experience Counts 





Sure, sometimes luck helps out a fisherman 

. but-in the long run it is experience that 
“pays off. And it is experience that pays off 
when.it comes to solving power-drive 
problems for appliance and equipment 
» manufacturers... the kind of experience 
Emerson - Electric offers. you. 


~~ 


Remember . . 


@ Emerson -Eléctric produces custom -engi- 
gered motors to suit your specific needs. 


@ Emerson; Electrie..has»more. than 100 
engineers. for .on-the- -spot service for you. 


0 Emerson-Eleetric has more than’65 years’ 
% “experience in solving motor - drive problems _- 
like yours..>- i, a 


, 


To get the kind of experi- 
ence that counts, call, wire 
or write Dept. M-327 to- 
day. The Emerson Electric 
Mfg. Co., St. Louis 21, Mo. 


e 
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Mallory plunger switches are compact and extremely 
versatile. The basic design enables adaptation of this 
switch to a variety of applications and circuits—including 
normally open, normally closed, or DPDT service. Ideal 
for limit switches and door-operated applications. 


Mallory automatic sequence control switches are in- 
dustry standards of performance and economy. Adapta- 
tions of standard designs serve not only in home appli- 
ances of all types, but in machine tools and vending 
equipment. Adaptable to many circuit combinations. 


Dependability 7S Econom 


Mallory wirewound resistors for bleeders, dividers and 
voltage-dropping applications feature exceptional life 
and stability. Tough vitreous enamel coating seals out 
moisture and corrosion. Special Mallory technique for 
welding the resistance element to the terminals elimi- 
nates possibility of open circuits. 


Mallory motor start and motor run capacitors are preci- 
sion engineered products. There is a wide selection of 
capacities, styles and voltages for every application. New, 
compact designs enable mounting anywhere in the cab- 
inet. New, low voltage AC model run capacitor offers 
added economy for 165V applications. 


ELECTRICAL MANUFACTURING 





Up to 20% savings were effected on this contact when Mallory 
installed a machine to stamp and form spring backing members 
and attach the contacts in one automatic operation. This is but 
one example of how manufacturers can profit by bringing their 
contact design and assembly problems to Mallory—pioneers in 
contact metallurgy and engineering. 


.... You Get BOTH with 


Mallory Components and Engineering 


Whatever your line . . . vending machines, juke 
boxes, automatic machine tools, household appli- 
ances, or any other form of electrical equipment 
or apparatus you can build-in a greater 
measure of product dependability with Mallory 
parts and components. Greater dependability 
means added economy for you . . . added value 


for your customers. 


Mallory’s long experience in designing compo- 
nents for the appliance and electrical machinery 
fields is reflected in their high standards of 
dependability and performance. Their advanced 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials 


Parts distributors in all major cities stock Mallory 
+, ed, 





d comp ts for your convenience. 
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engineering means better products and compo- 
nents for your every need. Their engineering 
service beyond the sale can be your assistance 
in solving even the most complex design or appli- 
cation problems. 


So whether you’re in the design or prototype 
stage ...or tooling up for a production run, it 
will pay you to see the man from Mallory. A 
qualified and experienced engineer in your own 
field is ready and willing to apply Mallory inge- 
nuity and economy to your production plans. 
Just write—or call us today. 





P.R.MALLORY & CO. Inc_ 


MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA 


Circle 127 on page 17 





Design better products with 


| SILICONE RUBBER | 
.. for long, trouble-free service 


sg # 8 2 ee oo eee 


Motor and transformer manufacturers are 
standardizing on lead wire insulated with 


Silastic for Class B and Class H Equipment. Wire insulated with Silastic®, the Dow Corning silicone 


rubber, assures long, trouble-free service for motors and 
other types of electrical equipment. Silastic withstands 
operational conditions that destroy conventional insulating 
materials. Serviceable from —90 to 250C, Silastic resists 
weathering, ozone, arcing, corona, moisture, and most oils 
+ Temperature range, °C .. —90 to 250C and chemicals. Lead wire, hookup wire, ignition cable, and 
* Tensile strength, psi 600 to 1500 control and power cable insulated with Silastic are available 
* Elongation, % 150 to 450 from leading wire manufacturers. Write for free booklet 


« Insulation resistance, is . Same 
megohms /1000 ft. .... 1000 to 3000 and list of suppliers. 


Dielectric strength, volts/mil 300 to 500 ° ° 
; If you consider ALL the operties o silicon i) 
Dielectric constant, 10? fy . properties of a e rubber, 


cycles per second, nominal you'll specify SILASTIC. 


TYPICAL PROPERTIES OF SILASTIC 








first in 


ST ii betelsl 1-1 
Dow Corning CORPORATION 
MIDLAND. MICHIGAN 
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Dow Corning Silicone Dielectrics 


SILICONE -GLASS LAMINATES 
RESIST HEAT, MOISTURE, ARCING 


Laminates made with Dow Corning silicone 
resins and glass cloth have excellent dielec- 
tric properties. They resist heat as high as 
250 C, withstand arcing, have low loss factor. 
Moisture absorption is in the range of 0.02%. 
Lightweight yet strong, silicone laminates 
can be stamped, cut, sawed, sanded... 
minimizing fabrication costs. Available from 
leading laminators. 


DOW CORNING 997 VARNISH... 
RELIABLE AT HIGH TEMPERATURE 


Impregnating electrical assemblies with 
Dow Corning 997 Varnish produces a 
moisture-resistant insulation system with 
high dielectric strength. It’s the last 
step in completing the insulation systems 
of motors and transformers designed for 
the 180C and 220C Class .. . permits 
operating temperatures up to 250C... 
gives equipment maximum protection 
against overloads, many chemicals, cor- 
rosive atmospheres and other hazards. 


SILICONE COMPOUND INSULATES, 
SEALS, SPEEDS PRODUCTION 


A grease-like filling, potting and sealing 
material, Dow Corning 3 Compound stops 
arcs, grounds, shorts; excludes dirt, dust, 
moisture; speeds parts assembly. It flows 
into place with gentle pressure . . . adheres 
to most surfaces ... is nongumming, non- 
melting and effective from —75 to 200C. 
Free sample on request. 


Wico Electric magneto coils 
For further information on these products, write Dept. 4510 


OCTOBER 1958 Circle 128 on page 17 





New low-cost, high-flow, 
2-way valves with... 


DEPENDABLE 
SKINNER QUALITY 


ADDITIONAL FEATURES 


LONG LIFE—unique diaphragm 
design, a laminate of nylon fabric 
coated with Buna N 
rubber, completely 
supported in open 
and closed positions. 


NO RUSTING— 
stainless steel internal 
parts. 

RUGGED DESIGN 
—forged naval brass 
body. 

EASY TO MOUNT— 
direct to line in any 
position. 

WILL NOT LEAK— 
soft, synthetic inserts. 


L SERIES 


hese L Series valves with 34” and 1” di- _ place and feature a unique diaphragm design. 

ameter orifices complete an all new line of | They are also considerably lower in cost. The 
2-way valves previously introduced in January %4” size, for example, will cost you 51% less. 
in the %” and 2” sizes. These larger L Series models — 34” and 1” — 
Manufactured to the highest engineering stand- _will be available in standard and Explosion- 
ards, these pilot-operated, high-flow industrial proof construction, normally open or normally 
valves are a welcome addition to the famous _ closed. They operate on a pressure differential 
Skinner solenoid valve line. They are smaller of 5 to 150 psi and will control such common 
and more compact than the M2 Series they re- _media as air, oil and water. 


For complete information, please contact our Repre- 
sentative or Distributor near you... you'll find him 
listed in the yellow pages or write us at the address 
below, Department 380. 
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FIT 12 OF THESE RECTANGULAR POTENTIOMETERS 


IN A PANEL AREA OF [1 SQUARE INCH! 


You can pack 12 Bourns TRIMPOT® potentiometers in the 


l-square-inch area occupied by the average single-turn rotary. 


Fit the TRIMPOT into corners—between components—flat against 
a chassis or printed circuit board. Mount them individually or in stacked 


assemblies. Any way you use them—Bourns potentiometers save space! 


You can adjust Bourns potentiometers more accurately, too. 
The 25-turn screw-actuated mechanism gives you 9000° of rotation 
instead of 270°. Circuit balancing and adjusting is easier, faster. 
Repeatability is assured every time. Furthermore, adjustments are 


self-locking—shock, vibration and acceleration have no effect! 


Write for new Model Summary Brochure 


BOURNS 


Laboratories, Inc. 





P.O. Box 2112-A * Riverside, California 


ORIGINATORS OF TRIMPOT® AND TRIMIT® 
PIONEERS IN POTENTIOMETER TRANSDUCERS FOR POSITION, PRESSURE AND ACCELERATION 
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How Armco DI-MAX M-15 
Improves Performance, Cuts Cost 
Of Electrical Equipment 


Advantages of this special 
Armco Electrical Steel can be 
put to use without redesigning. 


Armco D1-Max® M-15 offers you opportunities to 
reduce costs and boost performance of large rotating 
machines, high efficiency motors and various kinds 
of transformers because it provides an unusual com- 
bination of magnetic and fabricating characteristics. 
Armco’s process for making D1-Max creates a low- 
core-loss, cold-finished silicon steel with advantages 


not possessed by standard M-15. 


Advantages of DI-MAX M-15 


Punchability—Uniform high ductility for punched 
laminations of any size and shape. Surface of Di-Max 
extends die-life. 

Better Permeability—At high inductions, non- 
oriented Di-Max M-15 has better permeability than 
the standard M-15 grade. 

improved Space Factor—Better flatness and 
smoother surface assure maximum performance. 


Economy of Coils—Welded coils permit continuous 
production methods. Annealed butt welds are ductile 
and within sheet gage limits. 

Perhaps you can improve performance and cut 
costs of your products with Armco Tran-Cor® 
Di-Max M-15. For detailed information, just fill out 


and mail the coupon. 


Armco Steel Corporation 
2828 Curtis Street, Middletown, Ohio 
New Send me information on Armco TRAN-COR 
DI-MAX M-15 
Steels are 
born at 
Armco 


ARNMCO STEEL 





Armco Division * Sheffield Division * The National Supply Company * Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 
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the quality name for 
silicone electrical insulation 


ff SILICONE RUBBER 
ON FIBERGLAS* 


(available cured 
y and semi-cured) 77 


* 7 ’ 
7 


¢ 


- x 
7 =a 


, SILICONE VARNISH 
ON FIBERGLASt a 


XN 
r at 
Pennant ™ 


DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md. 
John H, Cole Company, Oklahoma City, Okla. 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp., 

Chicago, Ill Cleveland, O. 

Dayton, O. Milwaukee, Wis. 

Detroit, Mich. Pittsburgh, Pa, 
J. F. Kerrigan & Company, Hamden, Conn. 
C. D. LaMoree, Berkeley, Calif. 

Los Angeles, Calif. 
W. R. Punt Company, Floral Park, N. Y. 
C. E. Riggs, Inc., Portland, Ore. 
Seattle, Wash. 

White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y. 


- 
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Varsil has long been considered the ideal where dependable elec- 
trical insulation under sustained high temperatures is required. 
Available in two popular types—silicone rubber on Fiberglas... 
silicone varnish on Fiberglas—Varsil also offers improved moisture 
resistance, high dielectric strength, and low power factor. Both 
types of Varsil are available in full width, 36” rolls and in tapes 
slit to customer specifications. 


@ COMPLETE TEST DATA AVAILABLE ON REQUEST 
@ AGENTS IN ALL PRINCIPAL CITIES 


New Jersey Wood Finishing Company 


MANUFACTURERS Or FLEXIBLE ELECTRICAL INSULATION 
WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished “‘Fiberglas’’t Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished “Fiberglas"’t 
Cloth and Tapes 


“VARSLOT" Combination Slot Insulation: 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and “Mylar'’* Polyester Film 
Asbestos Paper and “‘Mylar’’* Polyester Film 
Kraft Paper and “‘Mylar’’* Polyester Film 
Vartex Varnished “Fiberglas"t and 
“Mylar’’* Polyester Film 
Special combinations available upon request 


* Mylar, Ou Pont’s registered trademark tFiberglas, Qwens-Corning Fiberglas registered trademark 
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THEY’RE HERE NOW... . AND ONLY WESTINGHOUSE HAS GOT THEM 


Complete Line of 


Quicklag Circuit Breakers 


ELECTRICAL MANUFACTURING 








There’s only one circuit breaker design best suited 
for lighting and power circuits—Quicklag®! And 
there’s only one man who can offer you a full 
range of these small-size, high-interrupting capacity 
breakers—your Westinghouse Sales Representative! 


These Westinghouse Quicklag circuit breakers are 
available now in two models—fast-mounting plug-in 
Quicklag P; and versatile front-connected Quick- 
lag C. Both are available in 1-, 2- and 3-pole con- 
struction. Both incorporate all of the design 
features that have made Westinghouse breakers 
the standard for industry. For example: De-ion® 
arc quenchers for fast, safe arc extinguishing; 
quick-make, quick-break trip-free mechanism that 
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TANDARD: TERMINAL 


prevents contact “‘teasing’’; silver-alloy contacts; 
insulated common-trip bar; cooperative thermal- 
magnetic trip; all this plus accessories and modifi- 
cations for additional versatility. 


A call to your local Westinghouse Sales Representa- 
tive will give you the full story on the Westing- 
house Quicklag line. Or you may write to: West- 
inghouse Electric Corporation, Standard Control 
Division, Beaver, Pennsylvania. J-30299 


you caw 8€ SURE...1F 17s 


Westinghouse} 
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A Report On 


COPPER and 


points to consider 


Today, with copper readily available, a 
new direction in electrical and electronic de- 
sign is becoming apparent. There is a grow- 
ing acceptance that many of the important 
new design requirements besides conductivity 
can be met by copper itself — as alloys, as 
laminates and as the pure metal. Sometimes 
it is merely the method of use which is chang- 
ed to achieve optimum performance. But this 
is not just a rediscovery of copper — it is also 
the creative development of new alloys and 
new usages. 

Here are just eight of the more important 
design requirements, besides conductivity, 
which are currently being met by some form 
of copper: 


Conductivity pilus 
Strength and Reliability 


The flexibility, resiliency and fatigue strength 
of certain copper alloys have long dictated their 
use wherever reliability was important. Some of 
these alloys have excellent mechanical qualities 
while still maintaining high conductivity. Cad- 
mium bronze, for example, is 99% copper with 
tensile strengths, for hard-drawn wire, up to 
90,000 psi. Excellent spring qualities with fatigue 
strength and wear resistance, even at high tem- 
peratures, can be obtained with beryllium cop- 
per. Superfine-grain phosphor bronze is a 
relatively new development useful in applica- 
tions where enduring contact-point pressure is 
most important. 

The reliability of the copper operative parts of 
electromechanical choppers is a basic reason for 
the return to these in place of electronic types in 
a number of missile applications. 


Conductivity pilus Heat 
Dissipation and Hot Strength 


Heat conductivity, of course, usually parallels 


electrical conductivity. In addition to the obvious 
uses of this property in heat exchange apparatus 
and appliances, many current applications are 
taking advantage of copper’s heat conductivity, 
plus its good joining properties, to conduct heat 
away from more delicate components by means 
of cooling vanes and heat sinks. 

Chromium copper’s greater strength at ele- 
vated temperatures is finding new uses in me- 
chanical-electrical parts such as commutator 
segments and resistance-welding electrodes. At 
200C, for example, its tensile strength is about 
twice that of tough-pitch copper. 


Conductivity pilus 
Corrosion Resistance 


Commercially pure copper affords excellent re- 
sistance to industrial, marine and rural atmos- 
pheres, and to water, steam, alcohol, fuel oil, 
gasoline and sewage. Alloys have been develop- 
ed to withstand many of the more active rea- 
gents. Recognition of this property has led to 
non-electrical uses in electrical equipment. 


Conductivity plus 
Forming Facility 


The hot and cold workability of copper itself 
is excellent. In addition, coppers containing 
small amounts of tellurium have good machin- 
ing properties while still retaining high con- 
ductivity. And extruded shapes can often be 
used to minimize the amount of forming needed. 

Interesting new examples of copper’s work- 
ability include cold rolling to thicknesses less 
than .0005 inches (for missile computer appli- 
cations, foil coil transformers and flexible printed 
circuits). Another new development is the cold 
hobbing of solid copper, maintaining extremely 
close tolerances. With this process it is possible 
to produce one-piece magnetron cavities. 
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its ALLOYS 


besides conductivity 





Conductivity pilus Joining Facility 


Copper is, of course, easily and firmly soldered. 
Many of its alloys also lend themselves well to 
brazing and to oxyacetylene or gas-shielded arc 
welding. New methods of inert-gas metal-arc 
welding make it easy to weld pure copper. 


Conductivity pius 
Bonding Facility 


Copper’s affinity for plating has made possible, 
for the first time, a really good bond with ti- 
tanium, by flash coating the base metal with 
copper before plating with titanium. New de- 
velopments in printed commutator-type circuits 
can take advantage of the exceptional wear re- 
sistance of rhodium because of the good bond it 
will form with the copper conductive layer. Con- 
tinuing research is also being done on laminates 
of copper with other metals and plastics. 


Conductivity plus Finish 


Copper and most of its alloys, particularly the 
nickel silvers and low-zinc brasses, are useful 
for ornamentation and housings because of their 
cold-working properties and their ease of plating 
and finishing. The new fine-grain brasses pro- 
vide a surface ideal for high finish. 


Conductivity plue Availability 


The copper industry’s mine reserves and pro- 
ductive capacity are at a new high. Copper and 
copper alloys are now available in more shapes, 
sizes and material specifications than ever be- 
fore. The long-range prospects are so good as 
to completely dispel any reservations lingering 
from the post-war years when stock-piling gave 
a surface appearance of short supply. Domestic 
mine capacity is scheduled to increase at an 
average rate of well over 20,000 tons per year. 
Free-world capacity, allowing for depletions, 
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shows a projected 15% increase during the next 
five years. 


And a word about conductivity itself. Even 
this classic property of copper merits a new 
examination. For example — silver-bearing 
copper, containing only 8 to 30 ounces of 
silver per ton, retains the high conductivity 
of copper, but has higher softening tempera- 
tures—and at commercially practical 
prices. Speaking of price, have you com- 
pared copper lately on a cost-per-mho basis 
with any other conductive metal you might 
be considering? You will find that this cost 
of conductance now makes it particularly 
economical to take advantage of copper’s 
other properties. 

The Copper & Brass Research Association 
is anxious to cooperate with you in finding a 
better way to solve your problems with cop- 
per. Write CABRA, 420 Lexington Avenue, 
New York 17, New York. 


There s Ce LA w frontier in... 








KLIXON fixed temperature, snap-acting thermo- 
stat used as a high limit control in the Markel 
“Heetaire” electric room heater. 


KLIXON Snap-Acting Thermostats 
used for High Quality and Reliability in 
MARKEL Heaters 





Modern in design, compact 
for space saving, ‘‘Heetaires”’ 
are manufactured by Markel 
Electric Products, Inc., Buffalo, 
New York, a leading producer 
of high quality electric heating 
equipment for over 30 years. 

To insure dependability of 
control, Markel uses KLIXON 
Snap-Acting Thermostats in their heaters. Here’s 
what they have to say about KLIXON Controls... 

“‘We use KLIXON Controls because we feel that they are 
consistent with the high quality and reliability of our 
Markel heaters.”’ 

Markel Electric Products, Inc. is another of the 
hundreds of leading manufacturers specifying and 
using KLIXON Controls. These controls are available 
in both sealed and open construction in a wide variety 
of types and sizes. Fixed temperature settings are cus- 
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Circle 134 on page 17 


tom calibrated at the factory to meet the customer’s 
requirements. 

Competent Spencer Division engineers at the fac- 
tory and in the field will help you make test applica- 
tions of KLIXON Controls at your request. Send for 
literature on the new KLIXON 204 Series Thermostats 
and get acquainted with the application possibilities 
on your products. 


ci 


Bion : AS e 


Typical KLIXON Snap-Acting Thermosta 
by original equipment manufacturers. 


CONTROLS 


Spencer Division 
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3610 Forest Street, Attleboro, Mass. 
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Language, a Precision Instrument 


ENGINEERS, UNWISELY, APPEAR TO BE GEN- 
ERALLY HOSTILE to the written and spoken 
word as instruments of the intelligence. They 
are suspicious of professions that, in the en- 
gineers’ view, practically demand a mastery 
of purposeful speaking or writing: the law, 
sales, administration. 

There is a riddle here. Technical problems 
and analytical methods are primarily and 
ultimately concerned with ideas. The more 
complex levels of engineering and design use 
mathematics as a powerful tool for arranging 
ideas and dealing with them in an orderly 
fashion. Yet, in the kindred art of language, 
the engineer is stilted, reluctant, unsure. 

Mathematics and formal “report” language 
may serve as media of communication from 
engineer to engineer. Communicating with 
the “outer” world—that is, to management, 
to the “layman” and to members of non- 
technical professions—must be by skillful 
use of non-technical language. In a world in 
which the engineer and his black arts are 
permeating ever more deeply into our daily 
lives, the communication of exact engineering 
meaning is a worthy task. 

When engineers do not undertake the chore 
of communication on all levels and in all di- 
rections, the vacuum and real need so created 
is filled by others. Often these others, though 
well-meaning, are inept in technical matters. 
One consequence is a vulgarization of ideas 
that merit more respectful, more accurate 
comprehension by the general public. 

It should be possible, for instance, to con- 


vey engineering concepts, ideas and proposals 
to management and to others without yielding 


one iota in accuracy, without playing mounte- 
> an idea for at- 
tention’s sake. Leaving communication to 
persons whose talents lie precisely in their 
knack for the sensational is not in the long- 
term interest of the stature and dignity of the 


bank and “‘sensationalizing’ 


engineering profession. 

As long as engineers maintain the recalci- 
trant attitude that an idea or proposal should, 
in itself, manifest its own merits to the non- 
technical mind, so long will it be necessary 
for others to take it upon themselves to 
“interpret” the engineer’s thinking to man- 
agement and to the outer world. The “‘inter- 
preters’ may have private axes to grind, or 
may have no qualifications other than their 
verbal dexterity. 

In a recent issue of Harper’s Magazine, 
comments were made about the “typical” 
Harper’s reader as his portrait emerged from 
a sampling poll of readers conducted for the 
magazine. “A characteristic of these [readers] 
is strong opinion, vigorously expressed, as 
we have known for a long while from the 
extraordinary number of letters they send us 
every month. One explanation may be that 
nearly all of our readers are, one way or 
another, in the words-and-ideas trade. Prac- 
tically every executive . . . finds that skillful 
use of language is his basic tool; he spends 
most of his waking hours explaining, persuad- 
ing, issuing instructions and analyzing the 
reports of others.” 

The italics that we use in the above quota- 
tion from Harper’s are of words as aptly ap- 
plicable to the engineer’s activities as to those 
of the typical executive. Engineers, you are 
in a words-and-ideas trade. Speak up! 


4p..Lb Ez F-bkl 


Associate Editor 





Analysis of natural environments in space 
(above 75,000 ft) as they affect future 
equipment design. Anticipated values are 
established for atmospheric composition, 
pressure, solar radiation, ozone. dissoct- 
ated gases, aurorae, ionized gases, solid 


particles and the earth’s magnetic field. 


R. A. DI TARANTO and J. J. LAMB 
Defense Electronic Products 

Rapio CorpPoORATION OF AMERICA 
Camden, N. J. 


THE NATURAL SPACE ENVIRONMENT is that environment 
which exists independent of the space vehicle and is the 
subject of this article. The induced environment, that due 
to the interaction of the vehicle with the natural environ- 
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RAPID DEVELOPMENT OF SPACE VEHICLES has inten- 
sified the problem of designing and testing the equip- 
ment they contain for the environments they will 
encounter. A survey of test facilities has indicated a 
lag in development of simulation facilities to test 
future equipment for the space environment. 

The Environmental Criteria Branch at Wright Air 
Development Center realized this problem and in- 
itiated a preliminary investigation program to de- 
termine magnitudes of various space environments 
(those above 75,000 ft) and their deleterious effects 
on equipment. 

This article is based on the results of the pre- 
liminary study carried out by RCA under Contract 
AF 33(616) -3915. 

Paut G. Jacons, Associate Editor 











ment and those excitations created within the vehicle 
itself, will be covered in a later issue. 

In the pursuance of the study program to determine 
the magnitude of the space environments, information 
was obtained from Air Force Cambridge Research Center, 
Wright Air Development Center, Naval Research Labora- 
tory. Upper Air Rocket Research Panel, and ASTIA pub- 
lications, books and current technical journals. Informa- 
tion from satellites was not available at the time. 

It was found that most of the information on the natu- 
ral environment was either interpolated or extrapolated, 
using the physical laws of nature as we know them today. 
Measured information was obtained from rocket firings. 
balloon ascensions, meteor tracking, and by analysis of 
meteoritic dust in ocean beds. 

The various designs of future vehicles were considered 
to be the following: 

1. Sustained Flight 
most of its lift aerodynamically. An upper limit of 150.000 
ft is arbitrarily considered. 

2. Boost Glide 
seconds of flight, rises above the atmosphere and reaches 


Powered vehicle which derives 


Powered only during its first few 


its destination by hypersonic glide. 

3. Ballistic Missile—Powered during first few  sec- 
onds of flight, thereafter follows a ballistic trajectory. 

4. Satellite—A vehicle placed in orbit so that its 
velocity and direction creates a radial force equal and 
opposite to its attraction to the earth. 

The various natural environments investigated were: 

Atmospheric composition 


. Extremely high vacuum 


] 
2 
3. Solar radiation 
4. Ozone 


Dissociated gases 


. Aurorae 
Ionized gases 
. Solid particles 
. Magnetic field of the earth 


Each of the above will be discussed, presenting a back- 
ground on the environment, values which are considered 
to establish limits, their possible deleterious effect on 
future USAF equipment, and what individual or com- 
bined environments should be considered. 
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Atmospheric Composition 


Investigations have shown that the percentages of the 
chemical elements of the air are constant throughout the 
troposphere (up to 35,000 ft) all over the world. 

Glueckauf (])* considers variable constituents at sea 
level to be O23, SOs, NOs, NaCl, etc. These are com- 
pounds which occur in high concentrations at specific 
geographic positions at low altitudes. The only one of 
these important in the lower range of altitudes (up to 
300,000 ft) is ozone, which will be discussed later. The 
nonvariable minor constituents, such as hydrogen, meth- 
ane and nitrous oxide, occur only in one to two parts per 
million (methane is destroyed by ozone at higher alti- 
tudes). 

Diffusion. According to Dalton’s Law of Partia! Pres- 
sures, a mixture of gases, such as air, would settle out in 
a “diffusive equilibrium.” In the diffusive equilibrium 
each gas acts independently and each has its own pressure- 
vs-altitude curve. If such a law held in the atmosphere, 
the lighter gases such as helium and neon would predomi- 
nate in the higher regions, and nitrogen, oxygen and 
argon in the lower. Applying this law to the helium-to- 
nitrogen ratio would show an increase by a factor of 10 
at 90,000 ft. Both gases would decrease in pressure, but 
the rate of decrease for nitrogen would be seven times 
that for helium. 

In practice, turbulence caused by winds prevents the 
formation of a diffusive equilibrium throughout the trop- 
osphere, and apparently to much greater heights. Mitra 
(2), by theoretically showing that periods necessary for 
diffusion are long compared to the daily cycle of the sun’s 
heating and the tidal motions of the atmosphere, con- 
cludes that “the constituents have no time to settle by 
diffusive separation even up to the height of 250 km 
(800,000 ft).” 

Samples of the air at heights greater than 60 km have 
been taken by means of a bottle in a rocket (3). The 
methods of analysis are based on the fact that the per- 
centages of the inert gases in air are geophysical con- 
stants—the same over the whole world. Paneth (4) con- 
cluded from his analyses that “the ratios of helium, neon 
and argon to nitrogen changed in a way consistent with 
the assumption that in this region of the stratosphere 
(above 200,000 ft) gravitational separation is effective 
essentially undisturbed by large-scale mixing.”’ However. 


*Italic numerals in parentheses refer to Cited References at end of article. 
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he later (5) agreed with Martin (6) that, although the 
analyses made of air captured at various heights from 
200.000 to 300,000 ft do show a gradual increase in 
the helium-to-nitrogen and neon-to-nitrogen ratios and the 
expected (from diffusive equilibrium) decrease in the 
argon-to-nitrogen ratio, there must be some error in 
the sampling method, for the results are difficult to under- 
stand on the basis of present-day knowledge about large 
scale wind movements in the stratosphere (see Refer- 
ence 7). 

Townsend (3) concluded from the argon-to-nitrogen 
ratio measured by a rocket-borne mass spectrograph that 
no diffusive separation occurred up to 450,000 ft. 

Water Vapor. Dobson and Brewer (8) discuss the 
water content of the troposphere and stratosphere. They 
conclude that the air immediately above the tropopause 
has a very low humidity. They mention that a shallow 
saturated layer has been observed at 50,000 ft and 
“mother-of-pearl” clouds at 80,000 ft. 

Kuiper (9) discusses the noctilucent clouds observed 
at 250,000 ft. He states that this height coincides with a 
minimum of the temperature profile. 

In a review of literature on humidity at high altitudes 
(10), abstracts are given of several articles by E. W. 
Barrett who sent three Skyhook balloons to 30 km (98,- 
000 ft). “One important and significant observation was 
made. For the two summer soundings the mixing ratios 
(gm of water vapor per kg of air) increase markedly with 
height in the 16 to 30 km region. . . . The results for the 
winter flights were quite opposite in trend, though the 
decrease was not as striking as the increase for the 
summer data.” Barrett’s observations show a saturated 
layer at 16 km (50,000 ft) and, in general, the formation 
of several strata between 50,000 and 98,000 ft where the 
water content goes to less than one part per 100,000 and 
as high as 1/4000. 

Anticipated Values. In this section the constituents 
of the air only in the lower range of altitude (0 to 300.- 
000 ft) have been discussed. The upper range of altitudes 
is discussed under Dissociated Oxygen and Nitrogen. 

The expected values of percentage content of the per- 
manent constituents of the air up to 300,000 ft will be 
the same as at sea level (see Table 1). Isolated strata of 
air at high humidity are to be expected, and under some 
rare conditions ice crystals may form at 80,000 and 
250,000 ft. 

Deleterious Effects. No deleterious effects are to be 
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Table |— Atmospheric Composition® 





Molecular 
weight 
(0 = 16.000) 


Density 
(air = 
1.000) 


Percentage 
in air 
Hydrogen 2.016 0.0695 5 x 10-5 
Helium 4.003 0.138 5.2 X 10-4 
20.183 0.695 1.8 < 10-3 

28.016 | 0,967 78.09 
32.000 | 1.105 20.95 | 
39.444 1.379 0.93 ) 
Carbon dioxide 44.01 1.529 0.03 
Krypten 83.7 2.868 1 X 10-4 
Xenon |; as 4.525 8 X 10-6 


Neon 
Nitrogen 
Oxygen 
Argon 





“This table is from The ARDC Model Atmosphere, 1956—Reference (11) 
The figures for nitrogen, oxygen, argon, and carbon dioxide are accurate to w 
two decimal places; their total is actually between 99.99 and 100 per cent 


Table I!—Typical Values of 
Air Pressure vs Altitude* 





Altitude, ft Pressure, psi 


50,000 1.7 
100,000 0.16 
200,000 0.465 X 10 
300,000 0.256 X 10- 
1,000,000 0.258 X 10-8 


Table Ill—Distribution of Solar Energy” 





Wavelength, 


Type Angstroms Per cent 


Far ultraviolet 1—2000 0.2 
2000—3800 7.5 
3800—7000 41 
7000—10,000 | 22 

10,000—20,000 23 

20,000—100,000 6 


Near ultraviolet 
Visible 

Infrared 
Infrared 


Infrared 


*Calculated fron 


expected from this environment up to 300,000 ft. Even if 
the ratio of helium-to-nitrogen were to increase to about 
3.0 times the sea level ratio, as measured in the bottle 
samples, this change would not be a hazard. There is a 
small probability of impact or abrasion by ice crystals. 


High Vacuum 


This natural environment increases with altitude and 
approaches a perfect vacuum as a limit. The best available 
values, as a function of altitude to approximately 1.85 
million ft, are given in Reference (J1). Values were 
measured, by rockets. up to 300,000 ft and then extra- 
polated on the basis of energy considerations. Some typi- 
cal static values of pressure vs altitude are given in 
Table II. For a moving vehicle, the dynamic values which 
are dependent upon the flow regime under consideration 
are important. There are three regimes of aerodynamic 
flow: the continuum flow from sea level to 300,000 ft; 
the slip flow from 300,000 to 500,000 ft; and the free 
molecular flow from 500,000 ft on. 

The continuum flow regime is characterized by the 
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molecules of air in front of a moving vehicle being af- 
fected before striking the vehicle. The laws of aerody- 
namics are well developed here and the dynamic stagna- 
tion pressure is Q = 14 p V2, where p = density of air 
and V = velocity of vehicle relative to air. The free 
molecular flow is characterized by air molecules striking 
the vehicle without being previously affected. The mean 
free path of the air molecules is in the order of 100 ft. 
The slip flow regime occurs between the other two regimes 
and is characterized by its molecules having a mean free 
path of 0.1 to 100 ft. The laws of aerodynamics are being 
formulated in both the free molecular flow and slip flow 
regimes. Dynamic values are shown in Fig. 1. 

As an indication of dynamic pressure effects, at 1,000,- 
000 ft static pressure is 2.58 10-1° psi and dynamic 
pressure is 3 X 10-7 psi. There is a ratio of 1000 between 
the two values. The dynamic value corresponds to a 
static pressure near 500.000 ft. 

Deleterious Effects. The possible deleterious effects 
of this environment which may affect each of the four 
types of vehicles are: 

1. Boiling of fluids at lower temperatures. 

. Corona discharge or arc-over of electrical equipment. 


~ 4 

3. Absence of air damping in vibration. 
1. Reduction of heat convection. 
5 
7T 


. Possible explosive decompression. 

‘he environmental simulations required in the labora- 
tory are: 

l. High vacuum 
limit. 

2. Explosive decompression. 

3. Vacuum plus temperature. 

4. Vacuum plus vibration where it is known that aero- 
dynamic damping appreciably reduces resonance effects. 


approaching a perfect vacuum as a 


Solar Radiation 


The solar constant is defined as the total radiation 
energy falling perpendicularly on a unit area at the mean 
distance of the sun to the earth. Its value is approximately 
1400 watts per square meter (7.38 Btu/ft?/min). Only 
about two-thirds of this energy is absorbed by the earth’s 
surface: most of the remainder is absorbed by the atmos- 
phere. An insignificant portion, the albedo, is reflected 
back into space. Thus, a value of 1000 watts/m* could be 
set for the energy absorbed by the earth’s surface at noon 
on a summer day. At any time of the year or hour of the 
day. the energy received will be less in proportion to the 
cosine of the sun’s zenith angle. 

Energy Wavelength Distribution. The distribution 
of solar energy is shown in Table III, calculated from 
Reference (12). Only the ultraviolet part of the solar 
spectrum is important in considering environments such 
as ozone. dissociated gases and ionized gases. For a 
photon of solar radiation to form ozone or to ionize a 
gas, it must have a certain minimum of energy. This 
energy is proportional to the frequency of the light or 
inversely proportional to the wavelength of light which 
will be effective. Longer wavelengths, no matter what 
their intensity. will not cause the reaction. 

Figure 2 indicates the distribution of the energy of the 
sun which is in the near ultraviolet range; the area under 
this curve represents only about 4 per cent of the energy 
output of the sun. It is to be noted, lest too much weight 
be given to the area below 2400 A, that the ordinate of 
this curve is on a log scale. This area from 2400 to 


ELECTRICAL MANUFACTURING 





26,000 ft/sec 


736,000 ft/sec 


, miles 


Free molecule flow 


Altitude 








Continuum flow 
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Dynamic pressure , q (psi) 





Fig. 1—Dynamic pressure vs altitude, Reference (49). 
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800 1200 1600 2000 2400 2800 3200 
Wavelength , Angstroms 
Fig. 2—Altitude to which 50 per cent of solar ultraviolet radia- 
tion penetrates. 


2000 A actually represents only 0.1 per cent of the sun’s 
energy. 

Absorption. Solar radiation trave!s unaffected within 
an almost complete void until it encounters the earth’s 
atmosphere where some wavelengths are selectively ab- 
sorbed by the air’s constituents. Thus its energy-vs-wave- 
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Fig. 3—Ozone distribution vs altitude. 
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length distribution is continuously changing as more 
energy is absorbed. All wavelengths shorter than 2800 A 
are completely absorbed by the atmosphere as are more 
than 50 per cent of the ultraviolet between 2800 and 
3800 A (13). 

Absorption of light in a gas depends on the atomic o1 
molecular characteristics of the gas and on the reaction 
cross section. Watanabe et al (14) have given absorption 
values for ultraviolet light in air. A typical absorption 
curve for values of k, the absorption coefficient, up to 120 
(Fig. 3) indicates that 0.3 cm per km of ozone, the total 
in the atmosphere. would permit only 6 10-18 parts 
of the 2500 A wavelength to penetrate to the earth’s 
surface. 

The light absorption phenomena of ozone, dissociated 
cases and ionized gases will be described later. These 
chemical reactions effectively place a lower limit on the 
altitude to which certain wavelengths penetrate. With the 
exception of a few isolated wavelengths, practically all 
the solar spectrum below 2500 A is absorbed by a small 
thickness of air. The group of wavelengths below 1500 A 
is called the “vacuum ultraviolet” because it penetrates 
only small quantities of air and must be studied with 


lenses of special materials since it is totally absorbed by 
glass and quartz. Figure 2 shows the altitude to which 50 
per cent of the radiation of each wavelength penetrates. 

The absorption of X-rays (wavelengths less than 100 
A) by air is apparently not as great as for some longer 
wavelengths. Clark (15) shows that 75 per cent of 1 A 
wavelength is absorbed in 5 ft. and 90 per cent in 10 ft. 
This indicates that 10 per cent of the 1 A solar radiation 
would penetrate to about 190.000 ft altitude. 

Sea-level air, a specific mixture of gases, is transparent 
to visible and infrared light. Figure 2 implies that more 
than 50 per cent of all wavelengths longer than 3100 A 
gets to the earth’s surface. The only exception to this is 
the absorption of some particular bands of longer wave- 
lengths in the infrared by water vapor and carbon diox- 
ide. Going up in the atmosphere. it is expected that the 
ultraviolet intensity will be the only part of the spectrum 
that will change at low altitudes. The first significant 
change of this type will be at altitudes of 80,000 to 110,- 
000 ft where ozone is being formed. and there will be a 
consequent increase in radiation at wavelengths of 2000 
to 3000 A (see Fig. 4). The next change will be at 300.- 
000 ft where several phenomena. such as ionization of 
D- and E-layers (see Fig. 5) and the dissociation of 
oxygen, are occurring. Here it might be expected that one 
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Fig. 4—Solar radiation absorption per centimeter ozone at nor- 
mal temperature and pressure, Reference (16) 





Table I1V—Solar Energy Values 
for Various Wavelength Regions 


| 
Wavelength Range, A 





Energy, 10-6 watts/m? 
1040 — 1240 400 
1230 — 1340 | 200 
1180 — 1300 100 
5—10 0.1 
1216, Lyman-Alpha 20° 
1216, Lyman-Alpha 2000 


Measured by photon counter. 
Measured by hamber, Reference (18). 


would be exposed to the whole of the sun’s radiation, for 
according to the pressure table (J]) only about 0.3 em 
of air NTP (0 C, 760 mm Hg) exists above this altitude 
to absorb the radiation. However. according to Refer- 
ence (14), the absorption of oxygen in the wavelengths 
less than 2000 A is high; for example. in the range 1400 


kilometers 
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Fig. 5—-Contemporary assumption of free electron distribution 
in the ionosphere, from Reference (34). 
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Fig. 6—Solar intensity distribution outside the earth’s atmos- 
phere, Reference (17). 


to 1700 A, 0, has an absorption coefficient greater than 
100. 

At any altitude greater than 300,000 ft the absorption 
mechanism is strictly hypothetical since a varying per- 
centage of oxygen is dissociated and nitric oxide may be 
present. Consequently, at this altitude one may conclude 
that the radiation which dissociates oxygen and causes 
the formation of ozone is present but that some part of 
the sun’s ultraviolet spectrum. which has been absorbed 
in the formation of the upper ionized layers and perhaps 
in the dissociation of nitrogen, is missing. Thus, exposure 
to the complete radiation of the sun would be attained 
only above ionized layers. Goldberg (16) bears out these 
conclusions. 

R. Tousey (17) describes spectrographs sent up in 
rockets and their method of operation to determine the 
sun’s spectrum between 1900 and 3000 A. The data from 
these experiments were used to estimate the NRL curve 
for the solar intensity distribution outside the earth’s 
atmosphere shown in Fig. 6. Tousey also describes the 
use of phosphors and photon counters borne in rockets 
to determine energy values in the 910 to 1340 A. and 
1100 to 2100 A regions, respectively. The second Lyman- 
Alpha values given in Table IV are more recent (1955), 
but they are not a correction. The Lyman-Alpha energy 
from the sun is extremely variable. Reference (18) de- 
scribes the apparatus to be used in a satellite to measure 
this energy continuously. 

Anticipated Values. The preceding discussion on the 
energy distribution in solar radiation and the high ab- 
sorptivity of air for the short wavelengths has shown that 
the thermal effect of solar radiation does not change much 
throughout the environment. but that the chemical effect 
(shorter wavelengths) is extremely variable. 

To summarize, the anticipated values at three altitudes 
will be considered: 600,000, 300.000 and 100,000 ft. 
According to the ARDC Model Atmosphere 1956 (/1), 
these altitudes would have 0.0004 em. 1.4 cm. and 9000 
cm (300 ft), respectively, of air NTP above them. At 
600,000 ft the radiation of the sun should be complete, 
practically undisturbed by absorption. At 600,000 ft one 
is at the center of the F, ionized layer and the Fs layer 
is above this altitude. These ionized layers would be re- 
quired to have enormous absorption coefficients (greater 
than 200) to have any appreciable effect on the incoming 
radiation. However. in Fig. 2 Go'dberg shows that 50 per 
cent absorption of wavelengths about 600 A occurs above 
600.000 ft (183 km), and 50 per cent absorption of the 
whole region from 200 to 1000 A above 550,000 ft. 

At 300.000 ft all the 200 to 1000 A radiation should 
have been absorbed, and 50 per cent of the 1400 to 1800 
A. The X-rays. the Lyman-Alpha, and practically all 
radiation with wave'engths greater than 1800 A would 
still be present. 

At 100.000 ft no radiation less than 2000 A would 
exist. and more than 50 per cent of that between 2000 
and 3000 A would have been absorbed. Actual values 
of energy in this latter region would be about 8 watts 
per sq meter. Also at 100,000 ft the radiation intensity 
of the ultraviolet between 3000 and 3800 A would be 
increased by about 25 per cent above its value at sea 
level. 

Deleterious Effects. At the earth’s surface several 
types of degradation caused by radiation of the sun, 
apart from thermal effects, are apparent. The usual 
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degradation of organic material is caused by light with 
sufficient energy to break a chemical bond. 

Koller (13) indicates that radiation at high altitudes 
in the erythemal region, 2900-3000 A, might be 50 per 
cent more intense. This would also cause some accelera- 
tion in the weathering of materials. Except for some 
isolated portions such as the 2537 A mercury line, there 
is a large part of the ultraviolet spectrum for which 
there is no practical knowledge concerning effects on 
materials (19). It is known that these rays will have no 
degrading effects on any metals since they will be com- 
pletely absorbed. 

Even the X-ray region around 10 A will have no ef- 
fect on metals. This latter region might be transmitted 
by thin metallic films, but it also will be absorbed by 
any practical thickness of metal on a vehicle. The absorp- 
tion of X-rays is proportional to the atomic weight of 
the absorber. Aluminum has a & value of 14 for 1 A X- 
rays. and about 0.040-in. thickness would absorb more 
than 90 per cent of the incident radiation. Heavier metals. 
such as steel, would be more efficient absorbers. 

The sustained flight and boost glide vehicles would be 
flying between 100,000 and 300,000 ft. These vehicles 
would be exposed to light of 2000 to 3000 A wave- 
lengths. as well as a greater intensity of ultraviolet of 
wavelengths greater than 3000 A. At the higher altitudes 
of this range the vehicles will also be exposed to X-rays. 
The ballistic missile, because of its short time of travel. 
would not be affected by solar radiation. The satellite. 
at greater than 1,000,000 ft altitude, will be subject to 
all the sun’s radiation. 


Ozone 


The ozone molecule, 0. 


The production of ozone at high altitudes, around 100,- 


contains three oxygen atoms. 


000 ft. is caused by ultraviolet radiation at wavelengths 
less than 2400 A. Heretofore, ozone has been important 
in the engineering of materials primarily because of its 
attack on stressed rubber parts; a standard test to de- 
attack is in the ASTM 
Standards. ; 
Ozone as an atmospheric constituent has been ade- 
quately described in four different Gotz. 
Goody, Paetzold, and Regener. (References 20, 21, 22 
and 23). As an environment, the important characteristics 


termine resistance to such 


reviews by 


of ozone are its concentration, location and chemical re- 
activity. It is to be noted that ozone is of great scientific 
interest in the study of the circulation of air, the tem- 
perature balance of the earth, and the radiation of the 
sun. The emphasis in the reviews mentioned above is on 
factors such as these and consequently is different from 
that shown here. For example, these reviews mention the 
chemical effects of ozone hardly at all. 

Concentration and Location. The total ozone in the 
atmosphere above temperate climates is in the range of 
0.20 to 0.30 cm. This measurement is in terms of the 
thickness of the layer of gas that would result if all of 
the gas were held in a spherical shell about the earth 
under conditions of normal temperature and pressure 
(NTP—0 deg C and 760 mm Hg). The entire atmosphere 
is 8.0 km NTP and the total ozone thus represents only 
one part in 3,000,000 of the whole atmosphere. Practical 
maximum and minimum thicknesses of ozone are 0.35 
and 0.15 cm respectively, with the maximum absolute 
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concentration usually at 65,000 to 80,000 ft altitude, 
while the maximum relative concentration of 11 parts 
per million of air centers at 100,000 ft. The concentration 
usually decreases both above and below the altitude of 
maximum concentrations in a manner similar to the 


error curve (see Fig. 3). 

Gotz shows that the maximum absolute concentration 
does not change much with larger integrated values of 
ozone, but instead the ozone layer becomes thicker and 
the same high concentration is likely to occur for a 
greater range of altitude, with the curve skewed and the 
center of mass at a lower altitude. That is, the concentra- 
ion of 0.02 em NTP per kilometer might exist down to 
50.000 ft. but the relative concentration would decrease 
with decreasing altitudes due to the increasing density 
of air, the maximum relative concentration at 50,000 ft 
being only two parts per million. 

Gotz states that practically no ozone exists above 160,- 
000 ft and the concentration at the ground is so small 
that it is sometimes quoted in parts per 100 million. Less 
than 0.05 part per million is common in the eastern part 
of the country. Values in Los Angeles as high as 0.5 
part per million have been quoted, but it is believed that 
some of this is due to other oxidizing substances which 
have the same effect on the usual chemical detectors as 
does ozone. 

The concentration of ozone appears to be a function 
of two primary variables—the latitude and the season 
of the year. In northern latitudes there is a steady de- 
crease to a minimum of about 0.16 cm total at the equa- 
tor. This minimum is fairly constant throughout the year. 
At 40 deg N the range during the year is small, 0.19 to 
0.25 cm. At 70 deg N, there is a great fluctuation, with 
a minimum of about 0.16 cm in December and a max- 
imum of 0.34 em in March. 

Consideration has been given to sun spots and their 
effects on diurnal variations in ozone content. Long study 
of the sun has showed no significant correlation between 
the total ozone and the sun spot maximum. Again, ozone 
does not fluctuate from day to day, at least at its latitude 
of maximum concentration. This is because ozone is 
fairly stable chemically and because the small amount 
which falls to the surface due to weather mixing of air 
is replaced each day by the reaction of ultraviolet radia- 
tion of the sun on air. 

Anticipated Values. A table of maximum values of 
concentration per million parts of air has been calculated 
(Table V) from typical curves of ozone distribution with 
altitude as shown in Fig. 3 and as in Reference (2]). 
Because of the changes in density of the air which occur 
in the ozone region, the probable maximum ozone con- 
centration in parts per million of air is still high at 130,- 
OOO ft, even though the mass of ozone at that altitude 
is less than at sea level. The values of these concentrations 
are also surprising in view of the fact that in all cases, 
the center of mass of the total ozone layer is probably 
between 65,000 and 70,000 ft (that is, half the ozone 
is below 70,000 ft). 

The maximum value shown is 11] parts per million; 
the authors consider that the probability of a vehicle 
meeting a concentration of twice this amount is very 
small. (NOTE: The values in the table are maximum 
values. If these values are plotted against altitude, the 
integrated ozone will be greater than any experimentally 
determined value). Values above 150,000 ft are pre- 


59 





sumed to be so insignificant that the presence of ozone 
cannot be determined by any of the usual experimental 
means. The conclusion is that ozone must be considered 
as an environment between 30,000 and 150.000 ft. 

Deleterious Effects. The deleterious effects of ozone 
are due almost exclusively to its chemical reactivity. Its 
reactivity with organic materials such as rubber under 
stress is well known. Ozone reacts readily with un- 
saturated organic compounds, adding all three oxygen 
atoms at a double or triple bond. The resulting com- 
pounds are “ozonides.” Decomposition of ozonides re- 
sults in a rupture at the position of the double bond and, 
subsequently, in the formation of acids, aldehydes and 
ketones. Ozonides are explosive or easily flammable, for, 
like cellulose nitrate, they provide their own oxygen for 
combustion. The small amount of ozonides formed by 
the reaction of ozone with organic materials in a vehicle 
will not be an explosion hazard: the effect of ozone 
will be only to cause the loss of strength in the material. 
Ozone is also harmful to humans (24). 

Ozone will be harmful to materials on both the ex- 
terior and interior of the vehicle. The effects given for 
the sustained flight vehicle apply also to those boost 
glide vehicles which spend a considerable amount of 
time in the 30,000 to 150,000 ft altitude region. The bal- 
listic and satellite vehicles will not be affected. 


Dissociated Oxygen and Nitrogen 

Extended dissociated 
sociated nitrogen and possible nitrogen oxides at high 
altitudes are given by M. Nicolet (25) and D. R. Bates 
(26). As mentioned in reference to ozone, at some alti- 


discussions on oxygen, dis- 


tude the concentration of molecules becomes so small 
that if oxygen dissociates it remains so rather than com- 
bining with an oxygen molecule to form ozone. 

Mange (27) ascribes the dissociation of oxygen to 
the reaction: 

O. + Afi < 1750 A) — O(1D) + O(8P) (1) 
with the O('D) atom having excitation energy and the 
second atom being unexcited. The energy for the dis- 
sociation of oxygen is available in the sun’s spectrum 
up to 2420 A: 

O. -+ Af(i. < 2420 A) > 2 O(2P) (2) 
In this latter reaction both resultant oxygen atoms would 
be unexcited. In the above equations Af represents the 
energy of the radiation causing the reaction, with h 
Planck’s constant, and / frequency of the light (see 
Fig. 7). The symbols in brackets after the symbols for 
the oxygen atoms represent electronic energy states of 
the oxygen atom. Mange has given a cross-section area 
of dissociation by wavelengths near 1500 A as 10,000 
times that for the second reaction. These agree with the 
absorption coefficient of oxygen given by Watanabe (14) 
and Goldberg (1/6). Several authors (References 25, 26 
and 27) conclude that the first of the above reactions 
causes the dissociation of oxygen just above 300,000 ft 
and that the second is effective in dissociating oxygen 
and forming ozone at about 100,000 ft. 

Location of Dissociated Oxygen. A transition oc- 
curs between 280,000 and 330,000 ft in the composition 
of the atmosphere with oxygen supposedly being 100 
per cent molecular O» at 280.000 ft and nearly 100 per 
cent atomic O at 330.000 ft. These heights and relative 
concentrations of molecular and atomic oxygen have 
been developed theoretically during the last 25 years. 
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Fig. 7—Characteristics of the solar spectrum. 


Table V—Ozone Concentration 





Relative Ozone 
density 


of air 


Ozone 

Concentration (parts per 
(cm/km) million) 

0.005 1.000 | 0.05 

0.010 0.375 0.3 

0.030 0.153 | 2.0 

0.040 0.059 7 

0.024 0.022 | 11 

0.009 0.0084 | 11 

0.002 0.0034 

0.0005 0.0015 


Altitude 
(feet) 


Sea level 
30,000 
50,000 
70,000 
90,000 

110,000 
130,000 
150,000 


Byram et al (28) sent up a photon counter sensitive to 
wavelengths in a narrow band near 1450 A. They ob- 
tained the data in Table VI. The per cent oxygen dis- 
sociated has been calculated by comparing the vertical 
equivalent path (from the absorption data obtained) to 
the total amount of oxygen which is supposed to exist 
above each altitude. 

Location of Dissociated Nitrogen. Two authors 
(25, 26) discuss the formation of atomic nitrogen in an 
entirely theoretical manner with no experimental evi- 
dence available other than spectra of the aurorae. There 
is no exact knowledge as to what section of the sun’s 
spectrum causes the dissociation of nitrogen. 

Bates, Nicolet, and Spitzer (29) are agreed that atomic 
nitrogen does not become a significant proportion of the 
atmosphere because, first, the rate of generation of 
atomic nitrogen is too low: second, diffusive equilibrium 
will exist above 500,000 ft: and third, part of the atomic 
nitrogen will react with atomic oxygen to form nitric 
oxide. Nicolet expects the maximum ratio of atomic to 
molecular nitrogen to be about 0.01, and possibly as low 
as 0.001 from 330.000 to 500,000 ft. 

The formation of nitric oxide, NO, is considered to 
be one of the mechanisms occurring in the recombination 
of nitrogen: 
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0o+N-—> NO 

NO+N-N. +0 
Nicolet advances the presence of NO since he postulates 
the ionization of NO as the ionization source in the D- 
layer. He says: “A value of 108 molecules/em* near 80 
km or 109 near 65 km appears to account for the ioniza- 
tion rates required in the D-layer, both in the presence 
and absence of solar flares. The fractional nitric oxide 
concentration of the atmosphere is then between 2 
10-* and 10°®.” He also states that “much empirical evi- 
dence has recently been accumulated showing that the 
abundance of nitric oxide is low.” and outlines experi- 
ments made since 1949 including rocket spectra, the 
lack of absorption of the Lyman-Alpha wavelength and 
the inability to detect any NO absorption bands in the 
solar infrared system. 

The possible reactions of nitric oxide will be com- 
plicated by the lack of water vapor at high altitudes. 
Nitric oxide reacts readily with oxygen to form nitrogen 
dioxide, NO., and both are extremely toxic, even in small 
concentrations. NO. reacts with water to form nitric 
acid, HsNO;. NO» is an oxidizing agent and HyNOg is 
extremely reactive. 

Anticipated Oxygen Values. In the region where 
atomic oxygen is formed, the pressure and air density 
are of the order of 10-7 to 10°% of sea level values. Where 
atomic oxygen predominates, it will be about 20 to 25 
per cent of the atmosphere by particle number. The 
number of particles per cm* will be as given in Table VI. 
This region of dissociated oxygen is in a wide range of 
altitudes, and the air particle density varies greatly. For 
this reason, even if only 10 per cent of the oxygen at 
295,000 ft were dissociated, there would be also as many 
single oxygen atoms at this altitude (1.5 « 1012/cm3) 
as at 348,000 ft. Therefore. it may be concluded that at 
300,000 to 375.000 ft the concentration of atomic oxygen 
is almost constant at 1] 1012/cem*, Also, it must be 
assumed that 100 per cent of the oxygen above 400,000 
ft is dissociated. 

Anticipated Nitrogen Values. For the dissociation 
of nitrogen, altitudes from 300.000 to 600,000 ft are 
considered where the number particle density of air 
varies from 7 & 10!3/cm* to 6 & 10%/em*. According 
to Nicolet, the maximum number of single nitrogen 
atoms might be 1.4 & 1012/cm® at 300,000 ft to 1.2 « 
10°8/cm? at 600,000 ft. If it is assumed that the air is 
still 80 per cent nitrogen between 300,000 and 600,000 
ft, then only about 1.5 per cent of the nitrogen is dis- 
sociated. 

Below 300,000 ft neither dissociated oxygen nor dis- 
sociated nitrogen constitutes a deleterious environment, 
although small percentages of dissociated oxygen may 
be present down to 275.000 ft. 

Deleterious Effects. Atomic oxygen will react with 
metals such as iron, copper and silver and with many 
organic materials, especially those with double bonds. 
The effects can be generalized as an oxidation at a high 
rate. Metals, such as aluminum, which form an adherent 
oxide film may only form a thicker oxide film. Aluminum 
is used to contain hydrogen peroxide (30). 

Molecular n‘*rogen is considered an inert gas for usual 
engineering applications. It is very difficult to make it 
react with metals or plastics. However, a combination of 
atomic nitrogen and heat may cause a reaction. Reference 
(31) says that “all the elements, except the platinum 
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Table Vi—Calculated Concentration 
of Dissociated Oxygen 





Vertical equivalent 

path of molecular oxygen 
(cm) 

Per cent oxygen 
dissociated 

Total no. of 

particles in air 

No. of atomic 

oxygen particles 


385,000 
367,000 
348,000 


0.5 X 10! 
0.9 X 1012 
1.8 X 10!2 


_ 
So 
w 
ie) 
os 


1.5 X 1012 
2.9 X 102 
7.0 X 10}2 


a x 
RO 














group metals, gold, and the inert gases, can be made to 
form binary compounds with nitrogen.” All these re- 
actions require high temperature. The article then goes 
on to explain that the reactions are accelerated by the 
use of active nitrogen produced in a glow discharge or 
with “nascent” nitrogen liberated by the dissociation of 
ammonia to which heated metal is exposed. The above 
active and nascent nitrogens are identical with atomic 
nitrogen. 

Sustained flight, boost glide and ballistic vehicles will 
be unaffected by reactions with atomic oxygen or atomic 
nitrogen. The surface of a satellite vehicle might be at- 
tacked in a chemical reaction. If either dissociated gas is 
brought into a vehicle containing air at sea-level density, 
the dissociated gases will quickly recombine to form 
ozone or molecular oxygen and molecular nitrogen. 


Aurorae 


Aurorae are characteristic illuminations of the night 
sky which occur most frequently at geomagnetic latitudes 
of 70 degrees (32). Ordinarily they stretch from about 
300.000 to 600.000 ft. altitude. The lower edge can be 
sharply defined and its mode is 350,000 ft, but it ranges 
from 250.000 to 450,000 ft. Aurorae are visible to 
heights of from 2,500,000 to more than 3.000.000 ft at 
latitudes during sunlit 
aurorae are also visible during magnetic storms. 

All the forms of the aurorae such as quiet arcs, glows, 
coronas, rays and flames are of short duration—from 
seconds up to half an hour. More than 100 wavelengths 
of emission spectra of the aurorae are known. Different 
forms of the aurorae vary in intensities of certain spectral 
lines. The study of the aurorae spectral lines has been 
one basis for assuming that nitrogen is dissociated above 
300,000 ft and that only a small fraction is dissociated, 
since the molecular nitrogen spectral lines are visible at 
great heights. 

Harang, in Reference (32), says: “The coincidence be- 
tween the appearance of magnetic storms, aurorae and 
sunspot activity leads naturally to the assumption that 
the primary cause of both magnetic storms and aurorae 
must be a corpuscular radiation emitted by the sun. The 
fact that aurorae appear on the night side of the globe 
may be explained by the effect of the earth’s magnetic 
field on an electrically charged stream of corpuscles. 
Different views have been expressed as to the nature of 
the particles emitted by the sun, and at the present time 


lower magnetic storms, and 
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(1951) we have no definite evidence as to whether they 
are electrons, positive rays, or a mixture of both held 
together by electrostatic action one must regard 
the aurorae and the polar magnetic storms as two effects 
with the same primary cause—an ionizing corpuscular 
radiation penetrating the atmosphere to a level of 260.- 
000 to 300,000 ft.” 

Rocket flights (33) during 1953 to 1955 showed an 
increase in radiation by factors of 10 to 20 at 65 to 70 
deg geomagnetic latitude. This location agrees with the 
statements by Harang as to the location of the most 
frequent occurrence of aurorae. 

These flights usually attained altitudes of 300,000 ft; 
radiation was sensed by both a Geiger tube and a com- 
bination of scintillating crystal and photomultiplier tube. 
Analysis of the radiation led to the conclusion that they 
were X-rays with energies of 10 to 100 keV, with inten- 
sities of 1.000 to 100,000 photons/cm?/sec. 

Van Allen (33) estimated the energy of the X-rays by 
counting them with “unshielded” Geiger tubes and also 
with tubes covered with a 0.020-in. thickness of aluminum. 
He has measured only the radiatiow at the base of the 
auroral region, up to about 330,000 ft. The values of 
104 X-rays/sec/cem? with energies of 10 to 100 keV 
belong to this region. 

There is a possibility that such values might be valid 
for a large range of altitudes. The X-ray energies are 
independent of altitude, being wholly dependent upon the 
kinetic energy of the incident electron. The distribution 
of such X-rays could be calculated in detail for different 
altitudes, based on the cross-section for interaction of 
electrons with air, the density at different altitudes, and 
an assumed flux of electrons at the top of the atmosphere. 
Actually these electrons are all absorbed in a small thick- 
ness of air, because they penetrate only to 250,000 ft 
altitude, and thus go through less than 8 in. of air NTP. 

Anticipated Values. The greatest frequency of au- 
rorae is in a zone 20 to 25 deg from the magnetic pole. 
Because of the position of the magnetic pole, aurorae are 
likely to occur at more southerly points in the eastern 
U.S.A. than in Europe, the probability at Boston being 
about the same as at Copenhagen. At these locations the 
probability of aurorae occurring would be 1 to 10 per 
cent of the maximum (32). 

The maximum height of an aurora is difficult to assay. 
but there is agreement on the minimum height of the 
base of aurorae as 260,000 ft. More than 75 per cent 
have their low points above 330,000 ft. In polar latitudes 
the maximum height is in the range of 600.000 to 800.- 
O00 ft. 

Deleterious Effects. There will be no deleterious 
effects on the sustained flight, boost glide and _ ballistic 
vehicle. Only a satellite vehicle would be subject to the 
dense part of the aurora: provided it were at less than 
1,000,000 ft (200 miles). going through the usual auroral 
thickness of 300 miles would require 1 min. A satellite 
going over both poles would be in the dense auroral 
region less than 5 per cent of the time. 

If we presume 30.000 eV X-rays, the wavelength is 
0.4 A. and Clark (75) gives k values for aluminum and 
iron for these wavelengths as about 4.0 and 85, respec- 
tively. Substituting these values in the equation J] = J, 
e*” gives 50 per cent penetration values of about 1/16 
in. and 0.012 in., respectively. 
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Table Vil—Anticipated lon Density 





| 
| 
| Altitude, Ion density, 
Region | ft. N/cm?3 | 
} } . 
E 330,000 | 1.5 X 105 0.000001 
F 650,000 2.5 X 108 | 0,01 


F, | 1,000,000 1.5 X 106 1.0 


Relative 
ion density, 
per cent* 


*Based on the ARDC Model Atmosphere, 1956. 


Considering that a satellite at more than 1,000,000 ft 
will be above the region of the auroral X-rays, iit would 
be subject to the maximum influx of 10° electrons/cm*/sec 
at 100,000 eV (33). This would not penetrate a metal 
skin of moderate thickness. 


lonized Gases 


Some aspects of the description of ionized layers in 
the atmosphere are given in Reference (2) and in Fig. 
5 from Reference (34). 

Assumption as to both the height and the density of 
ions are made on the basis of radio signal reflections from 
the various ionized layers. If one sends a spectrum of 
radio signals from 1 to 10 me normal to the earth, the 
radio signals will be reflected at different times (corre- 
sponding to different heights) which vary with the fre- 
quency where time (distance) increases directly with 
frequency. A density of electrons is associated with each 
frequency by the derived relationship V = 1.24 « 104 f?, 
where f is in megacycles/sec. 

Recently. instruments borne in rockets have tried to 
determine densities by a radio technique (35) and by a 
Langmuir probe (36). The radio technique showed two 
layers (both E) between 300.000 and 430,000 ft, with 
the lower about 50,000 ft from the upper. The authors 
consider this splitting as the basis for probably two 
ionization processes in the E region. This experiment 
shows one shortcoming (which several authors recognize) 
of the technique of reflected radio signal probing in that 
it will give information only as to the height and density 
of successively denser layers and would not be able to 
distinguish either less dense layers between the others or 
equally dense layers from one another. 

Hok and Dow (36) sent a probe to 340,000 ft. It sensed 
a great increase in positive ion concentration beginning 
at 295.000 ft. with the positive ion concentration increas- 
ing from 104/cem® at 325.000 to 10®/cem* at 340.000 ft. 
The maximum electron density in the E layer at the same 
time, as measured by radio reflection, was 1.5 &* 105/em®. 
The authors consequently assume a negative ion density 
several times the electron density, since the E layer must 
be electrically neutral. 

Anticipated Values. The ionized layers below 300,- 
000 ft could almost be ignored since the relative concen- 
tration of ions is very small below 300,000 ft. Thus, only 
the F,; and Fy layers at 650,000 and 1,000,000 ft, re- 
spectively, have significant concentrations of ions (see 
Table VII) 
besides the electrical one. 

Deleterious Effects. There will be no deleterious ef- 
fects on the sustained flight, boost glide or ballistic vehi- 
cles. The primary effect of the ions and electrons will be 
electrical: that is, they would serve as a reflector for radio 
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transmission of low frequency. This fact has already been 
considered for satellite-borne transmitters and a frequency 
greater than 100 mc is used for transmission. The elec- 
trons and ions would have only thermal energies. They 
could not of themselves cause radiation of greater energy 
than the solar radiation which caused the ionization. The 
velocity of the ions wou'd be too low to cause sputtering 
against a static object. If a vehicle were above the ionized 
layers it would be subject to the solar radiation environ- 
ment and the auroral environment. Only the satellite 
vehicle might be affected by the ion concentrations in the 
F, and F, layers, and no effects (besides those on radio 
transmission) are considered significant. 


Solid Particles 


Some pertinent definitions in this area are: 


1. A meteor is the visible result of the interaction of a 
solid particle with the atmosphere; these interactions 
produce visible light and ionization which can be de- 


tected by radar. 

2. A meteoroid is a particle which interacts with the 
atmosphere to cause a meteor. 

3. A meteorite is a particle with mass and dimensions 
large enough to penetrate to the earth’s surface. These 
also react with the atmosphere. 

1. According to Reference (37), the micro-meteorite 
is “‘a meteoritic particle which, because of its large ratio 
of surface to mass, is able to radiate away the energy of 
interaction of the atmosphere so rapidly that it is stopped 
without serious physical changes.” 

All these particles are thought to be initially in orbits 
about the sun, although La Paz (38) considers that 
meteorites are in hyperbolic orbits about the sun, rather 
then in elliptic orbits. 

There is no question about the velocities of the larger 
particles entering the earth’s atmosphere, since radar ob- 
servation can determine them exactly. The velocities ob- 
served agree with the concept of the particles being in 
orbits about the sun. The maximum speed of meteoritic 
particles outside the earth’s atmosphere is 135,000 ft per 
sec, equal to the escape velocity from the sun at the 
earth’s distance from the sun. The maximum speed of a 
meteor in the earth’s atmosphere is about 230.000 ft per 
sec and the minimum is 36,000 ft per sec. The latter 
would result if the meteorite had zero velocity in space 
and had been accelerated only by the earth’s gravitational 
field. 

Meteors may occur at altitudes from 500,000 to 100.- 
000 ft. with most in the 400,000 to 200,000 ft range. 
Meteors burn out over a range of altitude varying from 
50.000 to 250,000 ft. The altitude of the initial interac- 
tion (heat and ionization) of the meteoroid depends on 
an almost linear function of velocity, but is typical at an 
altitude where the air density is only 10-® of the sea level 
air density. “There exist a large number of meteors with 
radii of 10°? cm or less which have a ratio of surface 
area to mass large enough to ensure that the energy of 
interaction with the atmosphere is radiated away so rap- 
idly that evaporation does not occur. These so-called 
micro-meteorites are stopped before appreciable ab!ation 
occurs, and eventually fall slowly through the atmosphere 
to reach the earth as very fine dust.” (39) 

There has been great concern about the number of 
particles, since the question is often asked, “How many 
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will hit a rocket or satellite?” “Will they cause damage 
by penetration or erosion?” Several rockets have been 
sent up for the specific purpose of measuring the number 
of incident particles, the method of detection being a 
sensitive diaphragm with a crystal pick-up attached. Ac- 
cording to Dubin, instrumentation is available to measure 
impact with the smallest particle. He describes an experi- 
ment made in 1950 where 66 impacts were detected in 
4 min: “Since the impulse to the system is momentum- 
dependent, for a rocket traveling at about Mach one, .. . 
a 2-micron diam. (0.00008 in.) particle would give ap- 
proximately full deflection at the amplifier output. Thus, 
for micro-meteorites decelerated in the atmosphere, parti- 
cles of visual magnitude 15 (10-7 gm) would produce a 
full deflection.” This quotation gives some idea of what 
phenomena made the 66 impacts. Dubin considers that 
the acoustical diaphragm method is sensitive enough to 
measure the impacts of all micro-meteorites entering the 
earth if the instrument is borne above the altitude where 
micro-meteorites are slowed down by the earth’s atmos- 
phere. 

Particles down to 0.003 in. diam (visual magnitude of 
10) can be detected by radar (39) due to the ionization 
they cause in reacting with the atmosphere. Table VIII 
shows the presumed density of ionization detected by the 
radar method. 


Initial estimates 20 years ago of the total mass of parti- 
cles swept up by the earth each day were as low as | ton. 
At present, Dubin and Whipple (40 and 37) agree on an 
approximate value of 1000 tons/day. Table VIII from 
Dubin (40) shows a distribution of meteoritic masses in 
which the total mass in each of the first ten steps (differ- 
ing from each other by a mass magnitude) is only 100 kg. 
This implies that if 1000 tons/day are swept up by the 
earth, 99 per cent of the mass is in particles of 40 microns 
(0.0016 in.) diam down to 0.4 micron (0.00016 in.). 
Particles less than the latter diameter are supposed to be 
pushed out of the solar system by the radiation pressure 
of the sun’s light. At the distance of the earth from the 
sun it is 6.5 & 10-19 psi (4.5 & 10-6 newtons/m?). 

An individual meteoritic particle will react with the 
atmosphere over a range of 60,000 to 125,000 ft of alti- 
tude so that most, which begin to react at 400.000 ft. 
will still be in existence at 300,000 ft. Thus it is concluded 
that above 300.000 ft altitude the total of incident parti- 
cles will be present and they will all still have significant 
velocities (not yet slowed by reaction with the atmos- 
phere). Some fraction, probably greater than one-half, of 
all the incident particles will still have significant veloci- 
ties between 200,000 and 300,000 ft. Particles in this 
range of altitude will have lesser velocities than those 
interacting above 300,000 ft because (1) the higher veloc- 
ity particles interact with the atmosphere at higher alti- 
tude and (2) the higher velocity particles will have been 
slowed down by their interaction with the air. Below 
200,000 ft there will be few high-energy particles; ac- 
cording to Table VIII, the number which penetrate below 
this altitude is very small. 

Micro-meteorites are decelerated in the earth’s atmos- 
phere, and if there is a continuous incidence of 1000 tons 
per day, then some multiple of this number must be dis- 
tributed throughout the atmosphere below 300,000 ft ac- 
cording to some sedimentation law. At these altitudes the 
gravitational force can be considered constant, and the 
resultant mass at each altitude must follow some simple 
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Table Vill — Sporadic Meteors: Order of Magnitude Estimates of their Mass, 
Brightness, Size, Number and the Electron Line Density in their Trails 





Types of particles 


Particles reaching ground 


Particles totally disintegrated in the upper atmosphere 


(Approximate limit of radar measurements) 


These react with atmosphere but do not produce enough light or 6 12.5 40 u 


ions to be detected 


Micro-meteorites 


Particles removed from the solar system by radiation pressure 


law: however, as yet no conjectures have been made as 
to the total mass of such particles in the atmosphere. 
Above 300,000 ft altitude there will be no comparatively 
stationary meteoritic particles in the atmosphere. 

Sputtering. Sputtering is the erosion of a metal by 
impact of a high velocity atom or molecule. The eroded 
material is in the form of single atoms. The phenomenon 
is common in electronic tubes, and eventually causes some 
tube failures. 

Softer metals such as sodium, potassium and silver can 
be sputtered at very low ion energies, about 5 eV. Some 
pertinent values from Reference (4]) are given in Table 
IX. 

Wehner (41) says the sputtering phenomenon is de- 
pendent on the momentum of the incident particle: that 
is, directly proportional to the relative velocity. If in the 
laboratory a particle traveling at 15,000 knots can cause 
sputtering, then it may be presumed that the same effect 
may be caused by particles which are comparatively 
standing still, if the particle and the vehicle are traveling 
at relative velocities of 15.000 knots. This applies to both 
ions and neutral atoms or molecules in the atmosphere. 

This consideration of sputtering would make the effect 
of one collision independent of altitude. The only differ- 
ence between atmospheres above and below 300,000 ft is 
that the integrated effect would be proportional to the 
density and at the higher altitudes the densities would 
be 10-® to 10-12 of those below 300,000 ft. 

Water. As mentioned above, on the composition of 
the atmosphere, clouds of ice crystals may be expected 
rarely at 75,000 and 250,000 ft. There is no evidence for 
any clouds above 300.000 ft. 

Deleterious Effects. Dubin says: “Experimental in- 
formation on impact effects at the velocities of meteoric 
particles is practically nonexistent; yet it is fundamental 
to the determination of the hazard to satellite vehicles 
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Visual 
magnitude 


Radius 
(cm.y) 


Number 
swept up 
by earth 
each day 


Electrons 
per meter 
of trail 
length 


—12.5 8 cm 10 - 
—10.0 4 cm 10? 
— 7.5 2 cm 103 
— 5.0 0.8 104 
— 2.5 0.4 cm 105 
0.0 0.2 cm 106 
2.5 0.08 cm 107 
5.0 0.04 cm 108 
Te 0.02 cm 10° 
10.0 0.008 cm 1010 


15.0 20 uw 
17.5 Bu 
20.0 4u 
22.5 2b 
25.0 0.8 u 
27.5 0.4 u 

















30.0 0.2 u 


from meteoric particles. Whereas large particles may 
penetrate the outer skin of the vehicles, small particles 
may produce a sputtering action which may adversely 
affect optical and solar battery surfaces.” 

Singer (42) says: “The effect of large meteors, those 
having a mass more than a microgram, will be to pene- 
trate thin skins of satellites or space ships upon impact. 
a microgram meteor penetrating approximately 1 milli- 
meter (0.040 in.) of aluminum skin. . . . The much 
smaller and less energetic micro-meteorites will not be 
able to penetrate a skin of this thickness, but instead will 
gouge out small pieces of skin, a process which is very 
similar to sand blasting. Prolonged exposure above the 
atmosphere will produce a gradual erosion of the skin.” 
Singer discusses three different possible erosion proc- 
esses. two of which would cause insignificant damage. 
For the third, he assumes an incidence of 200 tons of 
meteoric dust per day over the earth’s surface or 1011 
atoms/m?/sec, each with an energy of 420 eV. Using 
this energy to break off only 0.0004-in.-square aluminum 
particles would erode about 0.001 in. thickness in 1 hr. 
He considers this a condition of maximum deterioration. 
and the actual rate may be much lower. 

Wehner (4]) has a review of the sputtering phenomena 
and has given threshold voltages for many combinations 


Table IX—lon Energies 
for Sputtering of Soft Metals 





Threshold 


Metal 
Sodium 
Sodium 
Nickel 


Iron 





Impacting 
ion 
Neon 
Argon 
Argon 
Argon 





energy, ev 
5 
10 
7 


ELECTRICAL 


Ion velocity, 
knots 


13,000 
13,000 
11,000 
16,000 
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of chemical elements in ion and target. These data are 
slanted to electronic tube design and not to materials of 
construction. Sputtering data on the latter materials will 
be required before it can be concluded that sputtering is 
a hazardous environment at high speeds. One aspect of 
sputtering in the atmosphere which will be different from 
laboratory sputtering is that one must contend with all 
ions and neutral atoms in the atmosphere. Wehner says 
the damage is momentum-dependent; therefore, the 
heavier molecules would be much more damaging in the 
atmosphere. 

Collisions with micro-meteorites or sputtering will both 
cause a change in the surface characteristics of the vehi- 
cle skin. This will probably cause a change in the emissiv- 
ity. This characteristic is important for maintaining a 
temperature equilibrium in the vehicle. The effects of 
solid particles on the four types of vehicles will only occur 
on the exterior. The probability of a particle’s having 
enough energy to penetrate a vehicle’s skin is not infini- 
tesimal, but rather small. Therefore an abrasion as 
visualized by Singer will occur. 

The effects on the four types of vehicles will be as fol- 
lows: The sustained flight and boost glide vehicles will 
incur abrasive wear of their surfaces according to their 
speeds. The speed will not be great enough to cause sput- 
tering. There is a small possibility of these vehicles run- 
ning into ice crystals at the atmosphere’s temperature 
minima. The ballistic missile will be subject to the same 
particles as the above two vehicles, but its short time of 
flight should not cause dangerous abrasion, considering 
the insignificant effects which have been experienced by 
the skins of rockets. The satellite, at heights of 1.000.000 
to 2,000,000 ft, will not hit static meteoritic particles but 
will collide only with high velocity meteoritic particles 
entering the earth’s atmosphere. A satellite must neces- 
sarily travel at such high speeds that abrasion by sputter- 
ing is likely to occur. 

Simulation. Simulation will be required for both high 
speed particles and for sputtering on materials of con- 
struction. The principal difficulty in obtaining any valid 
data for the solid particle environment of the vehicle is 
the inability to accelerate particles in laboratory equip- 
ment to relative velocities of 35.000 ft per sec as expected 
in the environment. Reports on current work made at the 
Hypervelocity and Impacts Symposium at the U.S. Naval 
Research Laboratory, May 22 through 24, 1957, indicate 
particles of a couple of grams are being accelerated to 
15,000 ft per sec. In this meeting there was very little 
discussion of impact effects. 


Earth’s Magnetic Field 


The maximum value of the constant horizontal com- 
ponent of the earth’s magnetic field is at the magnetic 
equator; it is 0.3 gauss. Most researchers (43) agree that 
94 per cent of this magnetic field is caused by the earth’s 
internal structure. To find a source for the remaining 6 
per cent, a group of ring currents has been assumed to 
exist in the atmosphere around the earth. The ring cur- 
rent is supposed to consist of ionized molecules moving 
with a constant velocity. Singer (44) mentions that, if 
this current were at the height of the lower ionosphere, a 
wind velocity of 60 mph would be required. 

Theoretically, the earth’s magnetic field, due to the 
internal dipole, is supposed to vary with the cube of the 
distance from the axis of the dipole. At the earth’s mag- 
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netic equator at 300,000 ft altitude this decrease would 
be greater than 4 per cent. 

Singer (44) sent a magnetometer to greater than 300.- 
000 ft altitude near the magnetic equator. The measured 
field was in accordance with the inverse cube law. In the 
two flights there was no detectable discontinuity in the 
field up to 300,000 ft. In the second flight a sharp de- 
crease was noted above 300,000 ft. This was associated 
with an electric current at these heights. 

The idea of a group of corpuscles from the sun causing 
magnetic storms seems to have authority due to age (2). 
It is supposed that an explosion on the sun throws out a 
mass of the corona which is 10-2° of the sun’s mass, 
according to Reference (45). This mass comes as an 
electrically neutral entity to the earth where its division 
into electrically positive and negative clouds causes the 
magnetic storm. There apparently is good reason to cor- 
relate flares on the surface of the sun with disturbances 
in the earth’s magnetic field which occur a day later. A 
mass transfer velocity of about 2,000,000 mph is men- 
tioned by Mitra. However. at present there is no experi- 
mental basis for specifying any particle or stream of 
particles rotating about the earth as the cause for the 
magnetic storm. Bennett (46) describes an instrument 
which could be borne on a satellite to measure the num- 
ber of solar stream protons. He says that 0.5 MeV protons 
can penetrate to 330,000 ft. while 2.5 MeV protons can 
come to 250,000 ft. He suggests that the number of inci- 
dent protons might be as great as 108/cm2/sec. 

Another environment conjectured in association with 
disturbances in the earth’s magnetic field is a ring cur- 
rent, which might amount to 10,000 amp flowing at a 
height of 350,000 to 500,000 ft (47). This would flow 
around the earth in a broad band above the magnetic 
equator. No values of current density are estimated. 

Anticipated Values. The only firm value of this en- 
vironment is the proportionality of the strength of the 
earth’s magnetic field to the cube of the distance from the 
center of the earth: this holds good to 300,000 ft. The 
supposed presence of a ring current between 350,000 and 
500,000 ft would cause a jump in the magnetic field value 
at this altitude, so that the existence of a constant value 
magnetic field at each altitude above 300,000 ft is unlikely. 

Deleterious Effects. It is known that the equation 
for the strength of the earth’s magnetic field is valid to 
300,000 ft. It is not known what occurs above that alti- 
tude. The only possible deleterious effects envisioned 
might be due to 2.5 MeV protons. 

No deleterious effects due to the earth’s magnetic field 
are expected for the sustained flight, boost glide and 
ballistic vehicles. The satellite vehicle will be exposed to 
the showers of protons from the sun which are supposed 
to cause the magnetic storms. Such 2.5 MeV protons are 
absorbed by about 4 in. of air. but the satellite would be 
shielded only by an infinitesimal thickness of air. Alu- 
minum has a stopping power for protons only 1.26 times 
that of air (48) so the protons will penetrate the satellite 
if they are encountered. It might be questioned whether 
these protons may do any more damage than cosmic rays: 
the latter have been considered not to be a deleterious 
environment. 2 
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Static Switching Control 
Design Considerations 


The designer of static switching control 
circuits will find a knowledge of basic 
relay control circuits helpful. Here are 
the “‘ground rules” for the application 
of analogous notations and terminology 


to static elements and circuits. 


J. W. STUART* 

Director Systems Department 
WESTINGHOUSE ELectric CORPORATION 
Pittsburgh, Pa. 


TO THOSE FAMILIAR WITH automatic control design util- 
izing conventional relays, the superposed concepts of 
logic functions provided by static switching components 
such as Westinghouse CYPAK present no unusual 
problems. As a matter of fact, the intuitive designer will 
soon find that she has been talking the “language” for 
years although not describing the matter in formal terms 
by capitalizing AND, OR, NOT, and MEMORY. 

Considerations which apply equally to either relay or 
static switching designs include: 


1. Approximately 80 per cent of the control design 
time is spent in becoming intimately familiar with 
the operational sequence of the machine or process 
to be controlled. This implies extremely close liaison 
and communication with the mechanical engineer. 

2. Since considerable control (particularly a memory 
function) is accomplished by hydraulic or pneu- 
matic means, it is imperative that the electrical de- 
signer be aware of the functional operation of these 


*Mr. Stuart is now with Industrial Nucleonics Corp., Columbus, Ohio. 
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devices together with their electrical requirements. 
Close liaison with the hydraulic engineer is manda- 
tory. 

3. The designer must be thoroughly acquainted with 
all applicable standards such as the National Elec- 
tric Code (NEC), National Electrical Manufac- 
turers Association (NEMA), National Machine Tool 
Builders Association (NMTBA),. Joint Industry 
Conference (Automotive JIC) and others, depend- 
ing upon the category of the ultimate user. 

“ground rules” of the electrical 

controlling devices to be used must be known, 

whether they are relays or static switching elements. 


. The application 


5. A control scheme must be devised on either a trial 
and error basis or by use of a logical development. 


This article is primarily concerned with Item 4 of 
these considerations. The more familiar relay notations 
will be used to define the terminology of the static cir- 
cuits. A comparison of the four basic relay contact 
arrangements and the equivalent static switching repre- 
sentation is given in Fig. 1. 

Basic Circuits. Figure 2 is a diagrammatical com- 
parison of the functions which can be performed by a 
relay and a static switching element. A relay can have 
but a single input (the energizing of the coil) and several 
isolated bi-directional outputs which are its individual 
contacts. Since the outputs are bi-directional, the designer 
must guard against back circuits or “sneak paths” which 
can cause faulty operation. They are avoided by insert- 
ing additional contacts to “break up” the undesired paths. 
With a static switching element, several inputs are pos- 
sible, and although a non-isolated common output is pro- 
vided, this output can be used as an input to several 
succeeding elements by the use of isolation rectifiers 
(diodes) in the input circuits. Sneak paths are thereby 
avoided. 

Another relay circuit feature which can prove trouble- 
some to the designer is the “race” problem. The pickup 
and dropout times of relays are inherently variable even 
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when new. Wear accentuates this variance. The designer 
must be sure that the circuit is designed with enough 
tolerance to avoid having one circuit race ahead of the 
prescribed blocking action of a related circuit. This 
problem is reduced to a matter of precise calculation in 
the CYPAK static control circuit since each magnetic 
element presents exactly one half-cycle delay. Static 
switching elements are clocked by, and are at all times 
synchronous with, the 60-cycle power 

An obvious but important design concept concerns 
the relation of the input or sensing devices to the control 
circuit. The usual sensing devices include limit switches, 
pressure switches, pushbutton and selector switches, and 
program switches as well as the more recent punched 
cards, punched tape. digitizers and many so-called trans- 
ducers. If these input devices could be manufactured with 
an unlimited number of contacts, both normally open and 
normally closed, the control circuits could be reduced to 
sealed circuits or MEMORY elements. The OR, AND and NOT 
functions are actually combinations of the various input 
conditions. The effort of the designer to minimize the 
number of contacts required results in the more or less 
complex combinational circuits encountered in control 
work. This concept will be covered in detail later. The 
straight combinational functions of AND, OR and NOT ele- 
ments will be dealt with after the special characteristics 
of the MEMORY element are explored. 

Memory Characteristics. The MeMorRY element con- 
sidered here is composed of two NoTs with their outputs 
tied together so that three output states are possible. There 
is an “on” output signal from one NOT, a distinct “off” 
signal from the other, and no signal or zero voltage if 
both have inputs. This is possible because the two NOTS 
are phased oppositely so that one produces an output 
on one half cycle and the other produces an output 
on the alternate half cycle. The wave shapes of these 
outputs are shown in Fig. 3, where they are arbitrarily 
designated as 4 and 6. 


source. 
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Fig. 1—Comparison of four basic relay contact arrangements 
and equivalent static switching representation. In the relay NOT 
circuit a normally-closed contact is designated as A. If coil 
is not energized, A contact provides output. If coil is energized, 
1 contact does not provide output. For the static Not element, 
if A is energized, an output (A) is not produced. If A is not 
energized, an output (A) is produced, In relay memory circuit, 
momentary start operation is remembered because A contact 
seals circuit in. Momentary stop operation unseals circuit by 


causing A contact to open. 


Static switching 
element 





——— 











Fig. 2—Functions of a relay and a static switching element. The 
relay has a single input and isolated bi-directional outputs. 
Sneak paths are possible. Static element has multiple inputs 
and common unidirectional outputs. Sneak path can be avoided 
by use of isolating diodes. 
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Fig. 3—Wave shapes of the outputs of a MEMORY element. 


Fig. 4—Effect of MEMORY output on various other static ele- 
ments. 


ELECTRICAL MANUFACTURING 





Figure 4 shows a memory circuit and demonstrates 
how these output states affect succeeding static elements. 
Assume that the MEMORY is producing a ¢ output. If AND 
1 has its second input present, it will produce an out- 
put. However, even though AND 2 has its second input 
present, it is not sensitive to the ¢ signal and therefore 
does not produce an output. A similar situation applies 
with the two NoTs, in that NoT 1 is turned off by the ¢ 
signal from the MEMORY while NoT 2 is turned off by the 
6 signal. If both inputs are applied to the MEMORY. it 
produces zero output and both NoTs have an output since 
they have no input. 

Figure 5 illustrates how a MEMORY can obviate the 
need for an additional Not. The NoT responds to the 
“on” output of the MEMORY and is insensitive to its “off” 
or 6 output. The Not therefore produces an output 
only when the MEMORY is off. This represents a needless 
duplication of elements. 

It should be noted that, logically, two different MEMORY 
elements could be constructed from standard combina- 
tional elements. One of these would be the 2-NoT MEMORY, 
the other the 2-AND MEMORY. The standard CYPAK 
MEMORY is composed of two NoTs. The use of the two- 
AND MEMORY with current equipment is not recommended 
and should be avoided. 

Conventional Sealed-in Circuit. The relay circuit 
in Fig. 6a resembles a conventional sealed-in circuit. 
The corresponding static control circuit in Fig. 6b more 
closely resembles a latching relay from the circuit de- 
sign standpoint. However, the use of a logical approach 
permits ease of conversion between the two types of 
circuits. In Fig. 6, closure of contacts A, B and C en- 
ergizes relay CR, which seals itself in through its own 
ICR contact. Either A or B may now open without open- 
ing the circuit to the CR coil. Only the opening of contact 
C will unseal the circuit. Once unsealed, the circuit also 
remembers this condition and remains off until contacts 
A, B and C all close again. 

In the static control circuit, the 7CR function is in- 
herent in the MEMORY unit. It should be noted that all 
contacts bypassed by 7CR are used as “on” conditions 
for the MEMORY and all contacts not bypassed are “off” 
conditions. In addition, since the “off” signals, when 
applied to the MEMORY, are of a negative character, 
their inverted or NOT condition must be obtained from 
the NoT element. These two rules are fundamental to all 
memory circuits and should be carefully studied. Some 
examples will be given to illustrate their use in the de- 
signing of static control circuits from standard relay 
circuits. 


Fig. 5—Since the Not element is functionally identical to the 
MEMORY, the NOT may be eliminated. 
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Example I: 














Step 1. Draw MEMORY and its associated NOT. 


—~—— 
-<_}- 


Add “on” conditions. 
: o— He 
ee nl 
2J 
—<_}~ 


Add “off” conditions. 


9. 


Example II: 


icR | 


Asp ¢ 
per 
D | 
| 
= | 
Steps 1 and 2. Draw MEMORY, its associated NOT, and 
“on” conditions. 
A | 0 
8 


Step 3. Add “off” conditions. 


A | D * 
3 


~ ral 


Step 4. Since the two NoTs above in series are a double 
negative, they may be eliminated. The final arrangement 
ts apparent when one considers that the closed C contact 
in the original relay circuit implies that the C coil is 
not energized. Once the circuit is sealed in, it is neces- 
sary to energize the C coil to open the C contact and 
unseal the circuit. 


A 


AND-OR Conversion. Simplification of static MEM- 
ORY circuits is often possible through a process of in- 


CR 








| 
































Output 


2CR 








(a) (b) 


Fig. 6—Conventional sealed-in relay circuit (a) and equivalent 
static control circuit (b). 
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version of the “off” conditions. That is, OR conditions 
are changed to ANDS and AND conditions are changed to 
ors. and all signals are inverted. The process can best 
be understood by referring to the following examples. 


Example Ill: 
— CR 


Cc 
at "W 











2CR 
¢——1t — Out put 


Steps 1, 2 and 3. The complete static element circuit 
is as follows: 





Step 4. By inverting the 
element may be eliminated. 


“off” conditions. one NOT 


Steps 1 and 2. Basic MEMORY with “on” conditions. 
c B 


D 


Step 3. “Off” conditions added. 
Cc 8 


F 
G 


Step 4. Complete inversion of all “off” conditions. In 
the original relay circuit, the coil cannot be energized 
unless all normally closed contacts are maintained. In 
the final static circuit after inversion, the MEMORY will 
not turn on unless A, E, and F or G are not energized. 


Example V: 














Steps 1, 2 and 3. Complete static circuit. Note that the 
D input in this circuit provides “off domination” and that 
an output is present if A and B or C are available. re- 
gardless of the condition of the E input. 
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Fig. 7—Inversion of ANpb-or elements and advantageous arrange- 
ment of contacts of sensing devices yields circuit simplification. 
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Fig. 8—Two Nor elements are eliminated by conversion of 
circuit (a) into circuit (b). 
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Fig. 9—Circuit in (b) is simplified version of (a), an exclusive 
oR circuit (either one signal or other produces an output but 
both or neither do not). 























Step 4. Complete static circuit with “off” conditions 
inverted. 





It should be pointed out that a complete inversion 
does not always yield appreciable simplification unless 
full advantage is taken of the normally closed contacts 
of sensing devices. In Fig. 7a, for instance, the AB 
function which supplies the normal “off” condition 
for a MEMORY unit can be inverted to an A or B 
function, eliminating one NoT element. A second NOT 
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Fig. 10—Sealed circuit with “low-voltage protection” added to 
the static switching circuit. 
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Fig. 12—Latched relay circuits (a) and equivalent static control 
circuit (b) with retentive MEMORY controlling up to three 
other memory circuits. 


element can be eliminated, however, by proper use of 
the sensing devices as shown in Fig. 7b. 

Figures 8 and 9 show other examples of circuit simpli- 
fication achieved by conversion. Figure 9 is an exclusive 
OR circuit where one signal or the other produces an 
output but both or neither do not 

Low-Voltage Protection and Release. All of the 
memory circuits thus far illustrated were equivalent to 
sealed relay circuits. In the event of a power failure, 
such circuits unseal with a consequent loss of memory. 
In the majority of applications, this is of no great con- 
sequence, since the occurrence of an unexpected start 
upon resumption of power is in itself unsafe or unde- 
sirable. In this case, the operator must manually re-start 
the machine. NEMA defines this type of circuit as having 
“low-voltage protection.” (Fig. 10.) It is appropriate to 
point out that both circuits in Fig. 10 are arranged so 
that the system comes to a stop as a safety precaution 
if the stop push-button does not make good contact due 
to dirt, corrosion, etc. 

In the static control circuit of Fig. 10, the signal 
designated “PF” (power failure) is obtained from any 
source to de-energize the MEMORY when there is a loss 
of power for any reason. The normal means of achiev- 
ing this function in practice is to use a master control 
relay (CRM in Fig. 11) whose coil is energized by the 
start and stop controls and whose contacts are used to 
energize input transformers to supply the low-level sig- 
nals to the static elements. 

In contrast to the sealed relay circuits is the latched 
relay, whose equivalent in static circuits is the single 
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Fig. 11—Normally closed contact of master relay (CRM) 
controls static control circuits. 
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Fig. 13—Arrangement of controls in a hand-auto system to 
reduce number of components required and simplify the circuit. 


MEMORY element as shown in Fig. 12. In this case, the 
MEMORY goes off with any interruption of power but 
will resume its original state when power is re-applied. 

Figure 12 also illustrates how one retentive MEMORY 
block may be multiple-wired for controlling up to three 
memory circuits. 

Hand and Automatic Operation. Practically all 
control systems involve both hand and automatic modes 
of operation. It is invariably necessary to prevent unsafe 
operating conditions which can be caused by the oper- 
ator’s inadvertent interference with one mode or the 
other. A hand-auto selector switch is incorporated to 
provide this feature. The manner in which this switch 
is applied to static controls is also of utmost importance 
in reducing the number of components to a minimum. 
As shown in Fig. 13, controls effective in auto originate 
on the auto bus and switches for hand operation are 
connected to the hand bus. Switches which must perform 
their function in either auto or hand mode are tied to 
the common bus. 

The manner in which this arrangement allows reduc- 
tion of components arises from the fact that either selec- 
tion combines with its associated push-buttons or limit 
switches to perform a number of AND functions directly. 
This arrangement is possible because the CYPAK input 
transformer units allow for low current loading on the 
selector switch. In addition, each circuit is isolated so 
that “sneak paths” are not possible. Note that limit 
switches are arranged in the normal series fashion where 
possible in order to eliminate AND elements as well as 
input transformer units. Oo0°0O 
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Optimum Shapes for 
Thermostat-Metal Cantilever Strips 


For generating mechanical force and for 
electrical switching. the thermostat-metal 
strip is well known for its versatility and 
rugged simplicity. The design of one of 
the commonest forms of thermal actuator, 
the flat cantilever. involves numerous con- 
siderations to achieve material-utilization 
efficiency. Certain design aspects may be 
in opposition and require skilful engi- 


neering compromise. 


R. M. SEARS 

Chief Engineer 

Thermostat Metals Department 
Merats & Controts Corp. 
Attleboro, Mass. 


Fig. 1—Arrangement for blanking tapered thermostat-metal 
beams from single-width strip in direction of material grain. 

















FOR THERMOSTAT-METAL ELEMENTS to actuate thermally 
operative devices, the material selection and use for effi- 
ciency are discussed in the various product catalogs 
published by thermostat-metal manufacturers. Additional 
efficiency can be obtained by tapering the width of the 
element in the form of a triangle, a design principle 
that is most practical for cantilever beams, to which the 
present discussion is limited. 

A beam tapering to a point is a beam of uniform 
strength, but because of the need to provide shear strength 
in the element and the difficulty of applying a load at a 
point, the triangular shape is generally found impractical 
and the isosceles trapezoidal shape employed instead. A 
close approach to the desired triangular shape can be 
used, however, since shear strength is not an important 
limitation at a distance from the point greater than one- 
sixth of the beam thickness. Other practical considera- 
tions usually lead to a design with a somewhat blunted 
end, 

To achieve a given desired deflection and mechanical 
force, a tapered beam requires less material than a rec- 
tangular beam and is therefore less expensive solely 
from the material standpoint. Other factors, however, 
must be considered in order properly to evaluate the 
two shapes for a beam. Tooling costs are high for a 


Fig. 2—Nested arrangement for blanking tapered strips. 
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tapered shape and may be prohibitive for a short pro- 
duction run. Also, if a tapered beam is under considera- 


tion to replace an existing rectangular beam, some degree 


of re-design of related component parts of the assembly 
will probably be necessary due to the greater width at 
the mounted end of the beam. 

There is no economy in making a single-width tapered 
blank oriented with the grain of the material (Fig. 1) 
since the width of material consumed including scrap 
is greater than the width of a rectangular beam of equal 
performance. The economy inherent in the use of tapered 
beams is realized only by adopting some means of nest- 
ing the blanks, as for instance in Fig. 2. By blanking 
the pieces across the grain of the material, Fig. 3, the 
desired nesting is generally most readily accomplished. 
Since, for a given shape and size of beam. this configura- 
tion of blanking involves a material strip greater in 
width than that shown in the arrangements of Figs. 1 
and 2, there is an additional economy to be derived 
from the Fig. 3 method of blanking: that is, the slitting 
charge is less for wide material than for narrow strips 
within certain ranges of widths. On the other hand, flat- 
ness and any forming required in the beam design must 
be considered. A bend parallel to the grain of the mate- 
rial is more susceptible to cracking than a bend made 
across the grain. When a part is blanked along the length 
of a strip of material, the flatness may be controlled by 
flattening the strip material. When blanked across the 
grain, the flatness is a function of the cross curvature. 
which is more difficult to control. Flattening the parts 
after blanking is of course possible, but adds an opera- 
tion and extra cost. 

The additional factors described may offset the in- 
herent economy of material derived from the use of 
tapered rather than rectangular beams, Each application 
for a tapered beam therefore must be carefully consid- 
ered on its individual merits. For this reason it is im- 
yortant that the designer have data and methods available 
for designing tapered beams accurately and with facility, 
to permit ready comparison with equivalent rectangular 
beams. 

In the design of a trapezoidal thermostat-metal ele- 
ment, the properties to be considered are _ electrical 
resistance, free thermal deflection, mechanical force and 
restrained thermal force. 

Electrical Resistance. The electrical resistive prop- 
erties of a trapezoidal element can most usefully be ex- 


Nested blanking of strips, across material grain, 
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pressed by the following: 


12r (wwe = uw) t x 10° a = 
ay 74 : = loge (=) 
wy 


electrical resistivity in ohms per circular mil foot 
resistance in ohms 
width in inches of the widest section carrying current 
width in inches of the narrowest section carrying 
current 

it = thickness in inches 

L_ = length in inches 


~ 0.7854 L 


where 


Note: R in ohms per square mil foot X 1.2732 = R in ohms 


per circular mil foot. 

Example: A part made of Truflex* F70R thermostat 
metal 0.025 in. thick x 2 in long tapering from %4 to 
4 in wide is to be used, with the section 114 in long, 
equidistant from each end, carrying a current. Find the 
electrical resistance of this section. 

The widths at the point of electrical contact are, by 
calculation, 144, in and %¢@ in. 

12r (we — wm) t X 10° 


R 07a54L 


k eo, ( 


y 
k ke 


O7854RL 
12 (we — Ww, >t x 10° 
0.7854 X 70 X 1.5 


12 (11/16 — 5/16) 0.025 


0.000733 log, 2.2 
r = 0.000579 ohms 


Free Thermal Deflection. The thermal deflection 
is not appreciably affected by tapering the width and, 
therefore, the formula for the free deflection of a rec- 
tangular cantilever beam can be used. 


G(T: — TL? 


Free deflection B = i 


where 
deflection of strip in inches 
thermal deflection constant for strip (from catalog 
data) 
temperature change, deg F 
active length in inches 
thickness in inches 


Mechanical Force. The mechanical force is affected 
by the degree of the taper in accordance with the fol- 
lowing formula: 

. as B we B 
Force P = —3a7, =X K 
3L3 
where 
P force in pounds 
a, = force constant for strip (from catalog data) 
w2 = width in inches of widest section at clamp 
wi, 
W2 
width in inches of narrowest section at point load is 
applied 


kK constant dependent on the amount of taper, n = 


where w; 


K ok aie a a bed n)> a es 
~ =. n? (1.5 — log, n) — 2n + 0.5 
For convenience, this formula is plotted in Fig. 4 and a 
variation in Fig. 5. 
Restrained Thermal Force. The restrained force 
is also affected by the degree of the taper. 


_ases (Ts = T) vse 
3L 


Restrained force P 


* Trade-mark of Metals & Controls Corporation. 





. (1-a)3 
22 (15 - loge n)-2n +05 
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Fig. 4—Relation between constant K in force formula and 
taper factor, n. 


Fig. 5—Alternative representation of relation between K and n. 


oy 
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eet uy, n 


where 
B, c2, (T: — 7), L, t are as above. 

When both force and deflection are specified, for max!- 
mum effectiveness and minimum volume of thermostat 
metal, one-half of the total available temperature change 
should be used in computation to produce the deflection, 
and the other half used to develop the force. 

Example: A cantilever strip of Truflex P675R thermo- 
stat metal tapering from 0.870 in. at the clamped end 
to 0.435 in. at the end where the force and deflection 
are desired is required to move 0.260 in. and develop a 
force of 4.5 lb when subjected to a temperature change 
from 75 to 315 F. Find the thickness and active length 
of strip required. 

C2 (T- T) L 


B i 


0.0000113 &K M64 G15 


= 0.0052112 
0.260 W521L 


A, C2(T, — T;) wet 


P 3L 


n w 0.4135 /0.870 


From Fig. 4 
K 2.59 


Substituting 0.00521L2 for t 
1.5 
£750,000 & 0.0000113 & 14 (315-75) 0.87 & (0.00521)? 


3XL 


3X 4.5 


eri = arene 52.59 
0.0000113 & 16 (315-75) 0.87 & (0.00521) 


1,750,000 x 


L 34.2 l 


, 3.25 in. 
Substituting the value for L in t 0.00521L?, 


t 0.055 in. 


A different approach is required if the problem is in 
a different form. A cantilever strip of Truflex P675R 
thermostat metal 3.25 in. in active length is to move 
0.260 in. and develop a force of 4.5 lb when subjected 
to a temperature change from 75 to 315 F. The width 
at the point where the force and deflection are desired 
is restricted to 0.435 in. due to design considerations. 
Find the thickness and the width at the point clamped. 

These specifications prohibit the use of a simple 
rectangular cantilever element due to restrictions on the 
width and active length. 


0.0000113 &K 6 G15 
0.260 


-75) (3.25)? 


0.055 in. 


ats (T. T;) wel? 
3L 


3PL 
aot, (T. T) wel? 


3M 835 9 
1.750.000 « 0.0000113 xX -75) w? (0.55) 


2.25/we 


0.435 /we 0.435/n 
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Substituting in K 2.25/w, 


2.25n 
0.435 
From Fig. 5, where 


K/n 5.18, n 0.5 


we = 0.435/n 0.435/0.5 


When making 


lar and trapezoidal shapes for cantilever beams, only 


we = 0.870 in. 


a comparison of efficiencies of rectangu- 


mechanical deflection need be considered since thermal 
deflection is not appreciably affected by tapering the 
width: 


PL 
El mes I 


Load deflection, tapered cantilever beam 


where 


deflection in inches 

load in pounds 

active length in inches 
modulus of elasticity 

moment of inertia of section 
tangular beams and wol 
thickness in inches 
width of rectangular beam 

width in inches of widest section at clamp 
constant dependent on the amount of taper, n 

w; /We 

width in inches at narrowest section at point load 
is applied. 


wt/12 for 
12 for tapered beams 


rec- 


Replacing J... in the basic equation by its equivalent: 


12 PL l 


B bey X wh for a rectangular beam 


For a rectangular beam, n l and K 3 (see Fig. 4). 


Fig. 6—Curves for deriving equivalent tapered and rectangular 


Me ew 





Band 


p = 12PL 
Ei 


r a tapered beam 


see 
Et wok 
By making the deflection of the two beams equal, and since 
12 PL’ . 
Ep 1S @ constant, only 


need to be considered for 


the terms 1/3w and 1/w.K 
comparing performance and 
efficiency. 

1/30 = |] 3w/K 

Using Fig. 4 with the above formula, a rectangular 


uwek WW, = 

beam and a trapezoidal beam of the same performance 

can be calculated and their volumes compared. 
Example: What trapezoidal beam of taper n = 0.5 

will give the same performance as a given rectangular 

beam? 

For a rectangular beam n = 1 

For a tapered beam of n = 0.5, K = 2.59 

Ws A 4 = 1.1590 


Ww, / Wes wy Wen 
Ww) 0.58w 
A trapezoidal beam tapering from 1.159w to 0.58w 
will give the same thermal deflection and force as a 
rectangular beam of the same active length and _ thick- 
ness and width w. The volume of material in the tapered 
beam can be readily calculated as 86.9 per cent of the 
volume of the rectangular beam. 


w, = 1.159w (0.5) 


(Continued on page 99) 
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International Developments in 
Insulation Standards 


Activities of the Technical Committee on Electrical Insulation at 1958 


International Electrotechnical Commission meetings highlight new test pro- 


cedures, including measurement of dielectric constant, dielectric loss, and 


thermal stability of magnet wire. European acceptance of a 120 C (Class 


FE) category was emphasized. 


J. F. DEXTER*® 


THE 1958 INTERNATIONAL Electrotechnical Commission 
meetings held June 30 through July 18 in Stockholm, 
Ludvika and Vasteras, Sweden, included important ses- 
sions related to test procedures and standards for elec- 
trical insulation. A detailed report on the activities of 
the relevant committees (see chart) and working groups 
follows: 


Rotating Machinery Aspects 


The status of insulation evaluation in the United 
States was reviewed by K. N. Mathes, General Electric 
Company. at an informal meeting July 1 of Subcommittee 
2 C of the Technical Committee 2 on Rotating Machinery. 
Mr. Mathes, who is the United States delegate to Sub- 
committee 2 C, emphasized the need for establishing the 
temperature classification of insulation based upon tests 
rather than definitions. The acceptance of this philosophy 
in the United States was confirmed in the 1957 revision 
of AIEE Publication No. 1. (1)7 

In pointing out that test procedures for evaluating the 
thermal life of both insulation systems and materials are 
needed, Mr. Mathes referred to AIEE Nos. 65, 510 and 
511 as examples of systems tests. AIEE No. 57 was re- 
ferred to as an example of a material test procedure for 
evaluating enameled magnet wire. Work is continuing 
on procedures for other types of equipment. The active 
AIEE and ASTM programs to develop test procedures 
for such insulating materials as varnishes, sleeving, flex- 
ible sheet materials, mica components, laminates and 
others were pointed out. 

The insulation classes and their definitions given in 


‘Mr. Dexter is Manager, Electrical Section, Product Engineering Laboratories, 
Dow Corning Corporation, Midland, Michigan, and a member of the United 
States Delegation to Technical Committee 15, Insulating Materials, IEC. 


*Italic numerals in parentheses refer to Cited References at end of article. 
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AITEE No. 1 follow closely those in International Electro- 
technical Commission No. 85. However, Class E insula- 
tion temperature (120 C) listed in IEC No. 85 has not 
been accepted in the United States. Mr. Mathes pointed 
out that the IEC Class E rating of 120 C is close to the 
130 C (Class B) insulation class and, for this reason. 
the need for this intermediate class is questioned in the 
United States. 

Dr. G. de Senarclens, chief engineer of the Swiss In- 
sulating Works. Ltd., reported that Class E designs were 
first used during World War II, and that experience in- 
dicated such materials as polyvinyl formal enameled mag- 
net wire and synthetic varnishes could be used at 120 C. 
Based on this experience, the Swiss delegation to the 
International Electrotechnical Commission proposed 
the new Class E rating. Recently, systems tests have in- 
dicated that many new plastics films, varnishes and 
enamels can be used at 120 C. Although it was recognized 
that some of the new materials, for example terephthalate 
films, polyurethanes and epoxies, might be rated at 
130 C or even higher temperatures, it was the consensus 
of European delegates that a provision for Class E was 
needed. In fact, one delegate thought that Class E de- 
signs will replace Class A. The development of this 
opinion in Europe is significant in contrast to the reluc- 
tance of American designers to accept this intermediate 
insulation class. From the international point of view it 
might accelerate the trend toward 130 C insulation sys- 
tems in this country. 


AIEE Test Programs Reviewed 
Following Mr. Mathes’ presentation, J. F. Dexter, Dow 
Corning Corporation, reviewed the results of AIEE test 
programs. The review included the program sponsored 
by the AIEE Rotating Machinery Committee’s (Insula- 
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Organization of 
international Electrotechnical Commission Technical Committee 15, Insulating Materials, 
for 1958 Meeting 


Chairman, Germany (R. Vieweg) 


Secretariat, Italy (A. 


Working G: 
Tracking 
Chairman, Norway 
(P. D. Poppe 


Working Group 1 

Electric Strength 
Chairman, United Kingdom 
(A. Collins) 


Working Group 2 
Insulation Resistance 
Chairman, United States 
(A. H. Scott) 


tion Working Group) evaluation of a typical 105 C in- 
sulation system, and the AIEE Electrical Insulation Com- 
mittee’s report on the thermal life of enameled magnet 
wire. 

Correlation was reported for results obtained from 
magnet wire, motorette and motor tests. Results obtained 
by several European laboratories also correlate with 
United States data. Mr. Dexter further pointed out 
that the present test procedures are not perfect and 
that many questions must be answered. For this reason, 
common sense, experience and engineering knowledge 
must be applied in evaluating the results obtained using 
these test procedures. The present test procedures will 
be continually revised as experience is accumulated. In 
the meantime the tests provide valuable data on which 
engineering design decisions can be based. 

Such problems as the control of moisture condition- 
ing. current limits on voltage proof tests, and cycle times 
associated with motorette testing were discussed. A report 
on Swedish testing insulation 
using motorettes was presented. Results obtained on a 
Class E system using polyvinyl formal enameled magnet 
wire agreed closely with the United States Class A sys- 
tems motorette data. Motorettes are being used to eval- 


experience in systems 


uate insulation systems in most European countries in- 
cluding Great Britain, France, Italy, Germany, Denmark 
and Sweden. The French delegate, R. David, pointed out 
the importance of mechanical stresses in evaluating in- 
sulation systems. He suggested that the effect of mechan- 
ical shock may be different from the effects of vibration. 
Only vibration tests are specified in the motorette test 
procedure. 

It was gratifying to the United States delegates that so 
much work is going on in Europe using the AIEE test 
procedures. Undoubtedly, many useful suggestions will 
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Working Group 4 
Voltage Endurance 
Chairman, France 
(J. Fabre) 


Ruelle) 


Steering Committee 

Working Group Chairmen; 

Three members-at-large 
(Netherlands, Sweden, 

Union of Soviet Socialist Republics) 


Working Group 7 
Temperature Properties 
of Insulation 

Chairman, United States 
(J. F. Dexter) 


Working Group 5 
Encyclopedia 
Chairman, Switzerland 
(G. de Senarclens) 


Working Group 6 
Dielectric Constant 
and Losses 
Chairman, Germany 


(H. Rollig) 


be forthcoming. In this regard, the Subcommittee recom- 
mended that the secretary or his appointee collect re- 
sults obtained from tests conducted according to pro- 
posed test procedures from individual laboratories for 
distribution to the Subcommittee 2 C members. This 
would make a large volume of data available for evalua- 
tion. The committee also suggested that a standard size 
motorette be adopted to simplify evaluation of test re- 
sults from various laboratories. The small motorette used 
in the United States was suggested. 

Since this meeting was informal. official action on the 
recommendations could not be taken. 
understandings regarding the use of test procedures were 
eliminated and a spirit of cooperation was more firmly 
established. 


However, mis- 


Working Group 1, Electric Strength 


Working Group 1 of Technical Committee 15, through 


the Secretariat, issued in March, 1958. “Standard 
Methods of Test for Electric Strength of Electrical In- 
sulating Materials at Commercial Power Frequencies.” 
This procedure recommends methods for measuring the 
electrical breakdown of boards and sheets, strips and 
tapes, rigid tubes, flexible tubing and sleeving, molded 
materials, varnishes, liquids and filling compounds. Com- 
ments on this procedure were reviewed at this meeting. 

The chairman of this group, A. Collins, manager of 
Micanite and Insulators, Ltd., London, England, reported 
that it was not possible at this time to agree upon a 
standard electrode system for thick laminates, sheets and 
tubes (over 3 mm). Therefore, the procedure will be 
revised to include the established electrode systems used 
in the United States, United Kingdom and Europe for 
the thicker materials. These electrodes include the 2 in. 





diam cylinders specified in ASTM D-149, the 1.5 in. and 
3 in. diam cylinders used in the United Kingdom, and 
the recessed spherical top electrode and plate bottom 
electrode in use on the Continent. 

This revised procedure will be reissued by the IEC 
Central Office when it has been approved by the Work- 
ing Group. Presumably the revised draft will be approved 
by Technical Committee 15 and the procedure can then 
be adopted as an IEC Test Method. 


Working Group 2, Volume and Surface 
Resistivity, Insulation Resistance 


Dr. A. H. Seott, U. S. National Bureau of Standards, 
is chairman of Working Group 2. Following the 1956 
meetings. this group recommended “Draft Standard 
Method of Test for the Determination of the Insulation 
Resistance of Solid Insulating Materials” for circulation 
to members of TC 15. This test method is similar in many 
respects to ASTM D-257. Comments from the delegates 
were reviewed and a revised draft will be submitted for 
ballot of IEC. It is anticipated that this test method will 
be approved and that it will become an international 
standard. 

At the TC 15 July 1 meeting. it was decided that the 
problem of environmental conditioning should be re- 
viewed by Working Group 2. Therefore, a recommended 
procedure for environmental conditioning of samples for 
resistance measurements was prepared. The recommended 
temperatures and humidities are given inthe accompany- 
ing table. 

Cells for use in determining the resistance of liquids 
were discussed. The Working Group agreed that diagrams 
of two and three terminal cells will be included in the 
draft standard. Cell cleaning procedure will also be in- 
cluded. 


Working Group 3, Tracking 

The tracking test that had been circulated to the mem- 
bers of Technical Committee 15 was discussed. This test 
method. submitted by P. D. Poppe of Norway in 1956, 
(2) consists of dropping an electrolyte between two 
electrodes. Failure is registered when electrical break- 
down occurs between the energized electrodes. The Work- 
ing Group recommended that a draft of the tracking pro- 
cedure, revised according to recent suggestions. be re- 
circulated under the 2-month rule. This means that the 
member nations have two months to make a choice be- 
tween the original or revised procedures. Only editorial 
changes will be considered. There has been much dis- 
cussion and criticism of this test method. However, it 
was the consensus that the method will be useful for com- 
paring materials. 

The Netherlands delegation reported on studies made 
on tracking phenomena under oil. This is of particular 
importance in the design of high voltage transformers. 
The importance of vacuum treatment, oil filling pro- 
cedures, and geometry on tracking were pointed out. 
The difficulty of correlating test results with experience 


was discussed. 


Working Group 5, Encyclopedia 


Dr. G. de Senarclens, chairman of Working Group 5, 
reported that the Group Tables for the Insulation En- 
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Temperatures and Humidities, 
Proposed IEC Procedure for 
Environmental Conditioning 

of Electrical Insulation Samples 


Relative humidity, 


per cent 











ersion 


cyclopedia have been substantially completed. (3) The 
first edition of these tables has been published in French 
by the Swiss National Committee. Through the efforts 
of K. N. Mathes and T. W. Dakin, and the courtesy of 
General Electric and Westinghouse, English translations 
of these tables have been completed. The English version 
has not been published, however. 

These tables provide a handy reference for the pre- 
liminary selection of insulating materials. A detailed de- 
scription of the materials (including chemical formula- 
tion, physical and electrical properties and experience 
obtained in use) will be given in monographs. 

A major effort is required to complete the monographs 
describing the properties of insulating materials. It was 
agreed that each National Committee will appoint or 
designate a small group to do part of the job. The Swiss 
National Committee will prepare six prototype mono- 
graphs for use by the National Committees. A deadline 
of 4 years was set for the preparation of the mono- 
graphs. The U. S. National Committee has agreed to take 
an active part in this project. 


Working Group 4, Voltage Endurance 


Mr. J. Fabre, Central Laboratory for Electrical Indus- 
tries, France, served as chairman of Working Group 4. 
The comments received on the French method for measur- 
ing voltage endurance and corona resistance were re- 
viewed. This method was described in the 1956 reports. 
(2) The group agreed that this method could not be 
recommended as a standard at this time. The Working 
Group will continue its study of the proposed French 
method as well as the United States and United Kingdom 
methods using the 1 in. and 3 in. cylindrical electrodes 
placed on either side of the insulating sheet. 
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The Working Group will also prepare a review of the 
problems in determining voltage endurance. This review 
should help in the further development of test methods. 


Working Group 6, Dielectric Constant 
and Losses 


In April, 1958, a proposed test method for measuring 
dielectric constant and loss was circulated to the members 
of TC 15 for comments. This test method is similar to 
ASTM D-150. This method was discussed in detail at the 
Working Group meeting. 

The Working Group decided to delete the long review 
of bridge circuits and to include only a brief description 
of three typical circuits: Schering, audio-frequency and 
transformer. A resonant re-entrant cavity method and a 
capacitance variation method for loss measurements at 
high frequency will be included for frequencies to 1000 
megacycles. It is still undecided whether the frequency 
variation method will be included. Measurement methods 
at frequencies higher than 1000 mc will be considered 
at a future time. 

Dr. H. Rollig, Bayer Company, Leverkusen, Germany. 
chairman of Working Group 6, reported that a revised 
draft of the proposed test method will be prepared. If it 
is approved by the Working Group. it will be submitted 
for approval by TC 15. 


Working Group 7, Temperature 
Properties of Insulating Materials 


In accordance with the recommendations of the Work- 
ing Group made at the 1956 meetings. two documents 
were submitted to TC 15: **Test Procedure for the Evalua- 
tion of Thermal Stability of Enameled Magnet Wire by 
Loss of Electric Strength.” and “Guide for the Prepara- 
tion of Test Procedures for the Thermal Evaluation of 
Electrical Insulating Materials.” These documents are 
similar to AIEE Procedures No. 1D and No. 57. 
did not permit a discussion of the comments received 
from the National Committees. Therefore, the chairman, 
Mr. Dexter. was instructed to revise the documents ac- 
cording to these comments. The revised drafts will be 
resubmitted for the approval of Technical Committee 15. 

The test procedure for evaluating thermal endurance 
of enameled magnet wire has received favorable com- 
ments. Dr. Potthoff, the German delegate, commented 
that extensive work indicates mechanical tests also pro- 


Time 


vide a good means for determining endurance. While 
Germany approves of the present proposal based upon 
electric breakdown, the door should be left open to in- 
clude other types of tests. The Working Group agreed 
that several tests may be necessary to evaluate a material 
completely. 

The Working Group also considered a test method sub- 
mitted by the United Kingdom for evaluating thermo- 
plastic yield of insulating materials. This test method is 
similar to ASTM D-648, except that temperature is held 
constant and the time required for the material to de- 
form a specified amount is measured. The proposed 
method also includes tests for determining ignitability 
and fire hazards. These methods will be discussed further 
after the Working Group members have had the oppor- 
tunity to study the proposal. 

Mr. Mathes, the United States delegate, submitted a 
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graph paper for charting thermal endurance data. This 
design, similar to that in use in the United States, has a 
logarithmic ordinate for life and an abscissa scale in 
Centigrade degrees but arranged according to the re- 
ciprocal of the absolute temperature. If this graph paper 
is adopted as an international standard it will make it 
easier to compare thermal endurance data published in 


different nations. 


Experts Committee 


A proposed standard for environmental conditioning 
of insulating materials, submitted by the United King- 
dom, was reviewed by the Experts Committee. Since the 
responsibility for preparing the standard on conditioning 
had been previously given to Working Group 2 at the 
meeting of Technical Committee 15, the recommenda- 
tions of the Experts Committee were passed on to Work- 
ing Group 2 to assist them in preparing a draft standard. 

\ proposal for a standard layout and format for TC 15 
test procedures was reviewed. A document giving defini- 
tions of terms relating to insulating materials submitted 
by Dr. J. P. Bohnenblust, Brown Boveri and Company, 
Baden, Switzerland, was discussed. This document will 
help prevent misunderstanding in translating documents 
into different languages. 

At the final meeting of TC 15, a proposal to disband 
the Experts Committee was submitted by the United King- 
dom and approved by the Committee. The proposal, so 
adopted, substitutes a Steering Committee composed of 
the Working Group chairmen and three members-at-large. 


Summary 

The accomplishments of Technical Committee 15 are 
evident from the several test procedures undergoing final 
revision or approval. Considering the problems in com- 
munication and divergent opinions and practices among 
the many nations represented in the committee, this prog- 
ress is outstanding. Undoubtedly, international recogni- 
tion of test procedures for measuring the electrical prop- 
erties and evaluating the usefulness of insulating ma- 
terials will help expand business activity. 

The United States delegates to the 1958 meeting of 
Technical Committee 15, Insulating Materials, were: 

A. H. Scott (Chief Delegate), National Bureau of 

Standards 

K. N. Mathes, General Electric Company 

Il. G. Easton, General Radio Company 

J. R. Perkins, E. I. duPont de Nemours & Company 

G. L. M. Sommerman, Westinghouse Electric Cor- 

poration 

J. F. Dexter, Dow Corning Corporation 

Approximately 60 delegates from 17 nations were 
represented at the Technical Committee 15 meetings. The 
1959 International Electrotechnical Commission meeting 
will be held in Madrid, Spain; the 1960 meeting in New 
Delhi, India. oo € 
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Magnetic Amplifier Selection 


The familiar nomograph is rapid in use 
and offers a vivid portrayal of limits for 
the exercise of design judgment. Input 
requirements, inherent performance and 
output limitations of magnetic amplifiers 
can be depicted in nomographic form as 
close and practical approximations for 
ready application and selection of ampli- 


fiers. 


H. H. HILL and F. M. KINNEY 
Electric Products Division 
Vickers, INCORPORATED 

St. Louis, Mo. 


FROM THE STANDPOINT OF APPLICATION, although the 
mathematical relationships of the factors involved in mag- 
netic amplifier circuits are not overly complex. a nomo- 
graph offers at least three advantages over other means 
of calculation: it is quick and easy to use, it provides a 
clear and permanent record of the calculations. and it 
can simplify calculations by graphically showing the data 
which define the limits of an amplifier’s capabilities. 

The nomograph is constructed of five logarithmically 
graduated scales representing figure of merit. time con- 
stant, power gain, signal power and power output. These 
are so arranged that if a straight line is drawn from 
Scale A to Scale C intersecting Scale B, 

Graduation C 


= 


Graduation — ; 
Graduation A 
and so on. Thus an unknown in either of the following 
equations can be found on the nomograph: 

Power gain 


Time constant >= 
Figure of merit 


a Power output 
Signal power = =———. 
Power gain 
To use the nomograph, the maximum power output, 
the figure of merit, and the maximum power gain for 
the amplifiers from which a selection is to be made must 
be known. The maximum power gain is simply a limit- 
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ing factor and is not used directly in the calculation. An 
application problem is solved on the nomograph by first 
tentatively selecting a specific amplifier according to the 
output power called for by the problem. After an ampli- 
fier has been selected and the maximum gain and figure 
of merit of that amplifier noted, the nomograph itself is 
used to determine whether the signal power needed and 
the time constant available with the selected amplifier 
meet circuit requirements and, if so, what the signal 
power must be to achieve a specific time constant, or 
vice versa. 

Problem: 125 watts output power and a 3-cycle time 
constant required. What amplifier will meet these require- 
ments, and what signal power will be necessary to obtain 
the 3-cycle time constant? 


Solution: Refer to the solid lines on the nomograph. 

1. In the table, locate the amplifier which has the 
lowest maximum power output greater than 125 
watts. This is found to be No. 1276-165. 

2. Note the maximum gain of amplifier No. 1276-165 
and mark this value on Scale C on the nomograph. 
This step helps to avoid exceeding the maximum 
gain of the amplifier at any time in the subsequent 
manipulations. Exceeding the maximum power gain 
would make the solution of the problem invalid. 

3. On Scale A, locate the figure of merit point which 
designates the value of the figure of merit (160) 
for amplifier No. 1276-165. 

Draw a line from the 1100 watts point on Scale E 

A through the 3-cycle point on Scale B to Scale C. 
. Locate the 125 watts point on Scale E. 

Draw a line from the point located on Scale C in 

step (4) to the 125 watts point on Scale E. This 

line intersects Scale D at the value of signal power 

input (0.26 watts) required by the problem. 


Problem: 0.9 watts input power available, 1100 watts 
output power required. What amplifier will provide the 
required output and what will be its time constant? 


Solution: Refer to the broken lines on the nomograph. 

1. In the table, locate the amplifier which has the 
lowest maximum power output greater than 1100 
watts. This is found to be No. 1276-1440. 

2. Note the maximum gain of amplifier No. 1276-1440 
and mark this value on the nomograph. 

3. On Scale E, locate the 1100 watts point. 

. Draw a line from the 1100 watts point on Scale E 
through the 0.9 watts point on Scale D to Scale C. 

. Draw a line from the point located on Scale C in 
step (4) to the figure of merit point (185) on 
Scale A which designates the value of the figure of 


(Continued on page 282) 
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All-transistor regulator for volt- 


age 


control 


of a-c generator. 


Fast Response Marks 


All-Transistor Regulator 


A closed-loop system for the voltage reg- 
ulation of an a-c generator derives nu- 
merous advantages from the exclusive use 
of solid state components. A complete 
functional circuit analysis reveals the 
multiple key roles played by transistors 
and diodes in this highly efficient and com- 
pact regulator. The same principles have 
also been used for other regulation ap- 
plications, including generator frequency 
control by transistor-regulator operation 


of high-slip induction motors. 


BARUCH BERMAN, Chief Engineer 
Recutators, Inc., Wyckoff, N. J. 
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THE ADVENT OF PRACTICAL AND RELIABLE semiconductor 
rectifiers has made possible the design of brushless rotary 
electrical machines for applications in which commuta- 
tor-and-brush d-c machines were formerly required. 
Brushless exciters for a-c generators, for instance, are 
now available from manufacturers. The ad- 
vantages of eliminating brushes for certain applications 


with consequent 


several 
are numerous. High-speed operation 
higher efficiency and less bulk and weight becomes pos- 
sible, brush and commutator maintenance are eliminated, 
and radio noise due to commutation ceases to be a 
problem. 

Voltage control of an a-c generator is accomplished 
by the use of an all-transistor regulator for the brushless 
exciter that powers the generator. The regulator emp!oys 
commonly-available semiconductors and dispenses en- 
tirely with electron tubes and mechanical moving parts. 
Since only solid-state components are used, regulator 
response is very fast and stabilizing networks are not 
required. Excellent regulation over a wide range is ob- 
tained with a minimum number of small and light com- 
ponents. Since the regulator is powered entirely by the 


generator, no external source of excitation is required. 
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Fig. 1—Block diagram of regulator. 


Regulation System. A block diagram of the basic 
operational form of the regulator is shown in Fig. 1. 
The primary elements included are an error detector, an 
error amplifier, an intermediate stage amplifier and a 
power amplifier. The output of the generator is sensed by 
the error detector and is compared to a constant refer- 
ence voltage. The difference between the output signal 
and the reference is the error signal. This controls the 
output of the regulator which in turn determines the out- 
put voltage level of the generator. A rise of output level 
results in a rising error signal and consequent decrease 
in regulator output, and the generator voltage falls to a 
desired pre-set level. A reduction of generator output 
voltage similarly causes the regulator to introduce a cor- 
recting action to raise the generator output. Thus the 
maintain constant output voltage for 


system acts to 


Fig. 2—Circuit of complete regulation system for a-c generator. 
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varying conditions of load, power factor, speed, tempera- 
ture and line voltage on the driving motor. 

Error Detector. The circuit for the entire regulation 
system is shown in Fig. 2, and the circuit is broken down 
into elements for convenience in discussion. Figure 3 
represents the error detector. Generator three-phase out- 
put voltage is connected to resistors RA, RB and RC. 
Rectifier CR] averages the three-phase output for the 
detector bridge which consists of a dropping resistor RJ, 
bridge resistors R2 and R3, voltage-adjusting poten- 
tiometer RH and zener type silicon diode voltage regu- 
lators CR2 and CR3. 

The error detector design is based on the zener break- 
down voltage effect in diodes CR2 and CR3; that is, a 
characteristic sudden breakdown in the reverse direction. 
After breakdown the voltage drop across the diode re- 
mains fairly consant over a wide range of reverse cur- 
rent. The stability of a diode as a reference is determined 
by its dynamic resistance and temperature coefficient. 

The dynamic resistance of a diode is the ratio of 
incremental change in terminal voitage (V) to a change 
in current (J): 

d\ 


Riise == 
dl 


Temperature coefficient (C) = ——. change in voltage ~ 
nominal voltage X temp, deg C 

The internal dynamic resistance and temperature co- 
efficient contribute to detector error and drift; for error 
detector optimization both should be as low as possible. 
Low voltage diodes present low dynamic resistances and 


Main fieid 








low temperature coeflicients. Consequently, in the genera- 
tor regulator, CR2 and CR3 were chosen as 6.2—8.0 volt 
diodes, with dynamic resistance of 8 ohms and tempera- 
ture coefficient of about 0.02 per cent. It is possible to 
so match the diodes that their combined temperature 
coefhicient is very close to zero. 

By proper design of the reference network, very good 
voltage stability may be obtained. In Fig. 3, the reference 
diode may be considered to have a total resistance R 
connected in series, as shown in Fig. 4. Then: 

dE;, 
R+Ri 
dI X R,z 
dE wn X R: 
(R +R) Va 


diode voltage 

input voltage 

diode dynamic resistance 

reference voltage across diode 

change of diode voltage with change of input 

From Eq (1) it is seen that a large R will contribute to 

greater reference stability. In practice, R is determined 
also by the supply voltage. the diode rating, bridge load- 
ing and temperature stabilization requirements. In the 
cireuit, Fig. 3, R = 2300 ohms, R; = 8 ohms, E,,, 26 


volts d-e and Vg = 7 volts. Then, if 


dE;, 
E;, 


1 per cent 


d\ 8 26 1 “ an . 
TV. 300 * 7 per cent = 0.013 per cent 


That is, the reference voltage across CR3 will vary one 


Generotor output 
Ph! Ph2 Ph3 
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Error signal, 
Eo 





tig. 3—Error detector circuit of the regulator. 





hundred times less than the input voltage, thus main- 
taining a potential constancy similar to that obtained 
from a constant voltage battery. 
Diode CR2 is used to increase detector gain. The in- 
crease in gain is given by the factor: 
E 


E; j (2) 


of CR2. 


increase in gain may be obtained when V, is made equal 


in which V’- is the zener voltage A maximum 
to the difference between E;, and the voltage across re- 
sistor R2. 
If CR2 is not used, then the error voltage change 

across R2 will be: 

dE 

k 
With CR2 in the circuit, and with | 


voltage change is: 


(3) 


the erro! 


37 (A) 


26 
= 7 
With 1 per cent input change, the voltage across R2 
will change 1.37 per cent of Vpo. or 96 mv. In a bridge 
using 12-volt zener diodes, the error signal will be 220 mv. 
The means by which the error signal is obtained are 
The three- 
phase voltages are connected to a three-phase, full-wave 


shown schematically in Fig. 3. generator 
bridge rectifier. The output of this rectifier will be nearly 
proportional to the three line-to-line voltages of the three- 
phase generator. If the problem were the control of a d-c 
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Fig. 4—Reference diode simplified circuit. 
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Fig. 5—Error amplifier transistor circuit. 


ELECTRICAL MANUFACTURING 





machine, the rectifier would be eliminated and the d-c 


lines connected through resistors to the detector bridge. 

In the detector, a portion of the voltage Vpo is com- 
pared to the constant voltage present across the reference 
diode CR3. The difference beween the reference and gen- 
erator voltages is the error signal, the output of the error 
detector, which is supplied to the error amplifier. The 
latter controls the transistor amplifier and, in other 
types of regulators, the preamplification and power ampli- 
fier stages. With the advent of high power voltage regu- 
lator reference diodes, exhibiting good regulation and 
stability characteristics, it is possible to reduce further 
the number of stages required for amplification. 

Error Amplifier. One measure of a good reference 
voltage source is its power output. The amount of power 
available from a reference affects the power available 
in the error signal. The maximum reference power avail- 
able, P,. 
and diode maximum rated current: 

Pg va ME 
The power P, is influenced by ambient conditions, and 


is defined as the product of the diode voltage 


the reference circuit is designed to limit the power dissi- 
pation of the diode to a safe value under extreme con- 
ditions of temperature and of transient voltage surges. 
The power output of the detector, P,, is the power ab- 
sorbed by the resistance of the first amplifier stage. The 
limits on the range of the detector output are determined 
by the output linearity. These limits are equal in positive 
and negative directions, which makes the detector adapta- 
ble to push-pull control without modification. The limits 
of linearity are assumed to be the points at which the 
diode regulation becomes poor at the low end, and the 
point of maximum dissipation at the high end. 

As indicated earlier, the voltage appearing at the input 


ne 
° 


i 
a 


Collector current Ip: omp 


+ VBE=-O.5 


age oe ee 








b 4 i L 
-10 +20 -30 -40 -50 ~-60 
Collector -to-emitter Vee, volts 


Fig. 6—Intermediate stage transistor collector characteristics. 
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to the preamplifier is proportional to generator voltage 
deviation from the desired voltage level: 


dk;, 


Vre X 
. Ej, 


Fe= Vax DXF, (5) 


where 
dE;, 
Ein 


D 


generator voltage deviation, in per cent. 


At normal generator voltage, when P, = 0, V re Va, 


K2 
Rin 


P, (6) 

The maximum power available from the detector is 
approximately: 
PP, 


P. 
200D,, 


(7) 
where D,, is the per cent of voltage over which the out- 
put of the detector circuit is linear.* 

The power supply for the amplifier is obtained from 
the generator output, so that no external supply voltage 
is required. This power is drawn from the three phases 
equally, avoiding load-balance problems even with small 
low-power machines. Initial voltage build-up is obtained 
from the residual voltage of the machine. A relay is pro- 
vided which shunts out all impedances between supply 
and field on starting, although the relay may be elimi- 
nated in cases in which residual voltages are high. A 
compensating network may be provided for short-circuit 
clearing of the regulator circuit. 

The error amplifier is a diffused-junction transistor. 
Through a gain-adjusting resistor R4, Fig. 5, the input 
(Continued on page 278) 
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Fig. 7—Power transistor characteristic curves. 





Gaseous Dielectric Materials— 
Applications and Test Methods 


The range of equipment applications for 
gaseous (dry) dielectrics, including trans- 
formers, airborne electronics and radar. 
has been widened owing to the develop- 
ment of new electronegative gases with 
increased breakdown voltage character- 
istics and the availability of improved 


test cells and test methods. 


THE OUTSTANDING CHARACTERISTIC of electronegative 
gases (dry dielectrics) is their unusually high electric 
strength or breakdown voltage. The use of such insula- 
tion will permit the design of equipment of smaller size, 
lighter weight, and simpler installation and_ servicing 
characteristics. with no loss in high standards for re- 
liability and performance under a wide range of load 
conditions and ambients. 

This article will first review the current applications 
of gaseous dielectrics. Secondly it will describe and in- 
terpret existing and proposed test methods for measuring 
the electrical properties of the gases. A new Gaseous Di- 


Table I— Selected Uses of Gaseous Dielectrics 





Gaseous 
Application dielectric 


A. Rotating or vibrating equipment; turbo gener- | Hydrogen or 
ators; frequency changers; stepping switches; | hydrogen gas 
vibrators; etc. | mixtures. 


B. Special emission tubes and special devices; | Argon, krypton, 
electronic flash tubes and speed lights; indicator | neon, neon-ar- 
and counter tubes. gon-hydrocar- 

bon mixtures. 

C. Medical X-ray and related a-c and high-voltage 

a-c applications, including cable assemblies; 

cooling of filament lamps and tubes. 





Dry nitrogen 


D. Industrial equipment; dry insulation in heavier 
duty equipment, i.e., high kva transformers; 
transmission lines for radar and TV equipment; 
load switches; high-voltage equipment such as 
industrial X-ray machines. 


E. Sonic equipment; missile applications; wind- | 
tunnel equipment. 


F. Industrial and military heavy-duty equipment; 
Van der Graaff generators; heavy-duty utility | 
transformers and generator links; transmission 
lines and waveguides; high power r-f equip- 
ment; pulsed radar equipment; low-duty-cycle 
interrupter switches. 


G. Same as D, E and F. | c-C,Fs or mix- 
ture with other 
gases. 


Comments 


See ‘“‘Applications for Gas and Liquid Insulation, ‘‘ELEC- 
TRICAL MANUFACTURING, June 1954, p 118. 


The rare gases and gas mixtures are used in specialty com- 
ponents where spectral emission characteristics are important. 
Reliability and “‘life’”’ are considered very good (particularly 
for military applications). 


There is a tendency toward the need for higher breakdown 
voltage. N» mixed with other gases will improve insulation 
characteristics in such service. Reliability and life expectancy 
would be improved. 

Fluorinated gases are much more efficient than Np» as insula- 
tors. SF, operates over a wide range of temperatures, helps 
reduce equipment weight. Is nontoxic and nonreactive under 
normal service. Reliability and life expectancy have been very 
good in normal service. Should not be used in switching appli- 
cations where continuous arcing or corona occur (gas decom- 
position may result). 

Useful as fluid medium in wind tunnel and sonic applications 
since velocity of sound in SF, is lower than in air. Other 
fluorogases may be useful in this field. 


Same comment as for SF, (Item D) above. Experimental 
evaluation recommended to determine suitability, reliability 
and life expectancy under extreme service conditions. May 
not be suitable in switching applications under continuous 
arcing or corona conditions; additional testing warranted as 
this is a new commercial compound. Improves the stability of 
r-f equipment. 


Has interesting possibilities. Is a new compound; additional 
experimentation desirable. Relatively high freezing point may 
be lowered by adding C;Fs, etc. Comments in D, E and F 
above apply here. 





ELECTRICAL MANUFACTURING 





M. L. MANNING 

Pennsylvania Transformer Division 
McGraw-Epison COMPANY 
Canonsburg, Pennsylvania 


E, D. PADGETT 
TRANsisToR INSTRUMENTS & COMPONENTS, INCORPORATED 
Morris Plains, New Jersey 


electric Test Ce'l Method will be discussed and related 
data presented. 


Applications for Gaseous Dielectrics 


Gaseous dielectrics uses are tabulated in Table I. The 
general application rules in Table II may be helpful in 
saving time and avoiding design pitfalls. The chart in 
Fig. 1 can be used to determine the approximate weight 
of a particular gas for an equipment application. 

The use of conventional gases such as_ hydrogen. 
argon, krypton, and argon-neon mixtures in electrical 
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Fig. 1—Sample calculation of approximate weight of SF, re- 
quired for an equipment application. Determine the tempera- 
ture range of operation. Determine the gas pressure experi- 
mentally, or by use of Beaty-Bridgeman Equation (as derived 
from the General Gas Law). Enter the chart at the minimum 
values of temperature and pressure as determined (say at —50 F 
and 25 psig). From this point, draw a line parallel to the lines 
of constant specific volume. Extend this line to the right edge of 
the chart to obtain the value of constant specific volume = cu 
ft/lb. The weight (in pounds) of gas required is found by 
dividing the free volume of the equipment by the specific 
volume. For example, if the free volume of the equipment is 
14 cu ft, and the specific volume is 0.7 cu ft/lb, 


free vol 14 


Weight of SF, = = 20 lb 


sp vol 0.7 
NOTE: The intersection of your experimental line with the 
+50 F line gives the pressure to be expected at +50 F. 
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equipment (included in Table I) is well known, as is the 
use of dry nitrogen in X-ray equipment, filamentary 
type lamps, and special cable assemblies. These gases 
have already been discussed in a previous article. (J) * 

It is only in recent years that fluorinated gases have 
been investigated experimentally as insulating materials. 
The results have been so unexpectedly good that research 
programs are under way for the development of even 
better materials. The effectiveness of these fluorogases is 
due, to a great extent, to their relatively large values of 
electric strength which are in turn due to the chemically 
stable and electronegative nature of these gases. Such 
gases have the ability to attract and “capture” electrons. 

In the case of fluorinated hydrocarbons CgFg and 
c-C,Fs.+ laboratory tests show that in a strong electric 
field, these gases are ionized by high energy electrons. 
But instead of losing electrons, these gases lose fluoride 
ions, a process which causes the formation of heavy posi- 
tive ions. These ions have low mobilities in an electric 
field (particularly at higher frequencies), and the re- 
sulting ion sheath or plasma helps to contribute to the 
high electric strength. The net effect is to prevent the 
formation of a conducting path (quite similar to the 
quenching action of some hydrocarbons) by depriving 
that path of its source of electrons. For these reasons, the 
fluorinated gaseous dielectrics have a much _ higher 
electric strength (or breakdown voltage) than air or 
nitrogen when tested under standard conditions. The 
ratio of breakdown voltage of a good fluorogas to that of 
air, for given conditions, is at least 2. Optimum break- 
down voltage can be determined experimentally. 


Electrical Test Method 


The general physical and chemical properties of the 
gaseous dielectrics are well known and can be tabulated 
by designers and standards engineers as needed. How- 
ever, until recently standard electrical methods for test- 
ing and screening these materials did not exist. In the 
past, electrical data were obtained through the ingenuity 
and cleverness of individual investigators, who usually 
used variations of well-known X-ray high voltage tech- 
niques. A study of the results indicates wide variations 
in test data. 

In 1957 the AIEE Subcommittee on Gaseous Dielectrics 
proposed that a test cell method be used for measurement 
of breakdown voltage. Since then, several test cells have 
been built, data have been taken and analyzed, and basic 
test methods are being proposed. 

The basic test method for measurement of breakdown 
voltage has a very descriptive title. It is called the “One 
Minute Withstand Voltage Test.” It is a practical, basic 
test, and is advantageous since the equipment required 
is readily available and can be used by everyone. 

The “One Minute Withstand Voltage Test” consists of 
the application of a 60-cycle voltage from an adjustable 
transformer to a test cell containing the gas. The applied 
voltage is increased in 1-kv steps of 1 min duration. The 
applied voltage may start from 0 volts, or, to save time. 
may start at a value about 25 per cent less than the 
value required to produce breakdown (or arcing) in 
the gas within the test cell. The value required to produce 


*Italic numerals in parentheses refer to Cited References at ed of article. 

fCsFs is known by the trade name of Genetron 8, General Chemical Div., 
Allied Chemical and Dye Corp., New York, N.Y. « iFs is known by the trade 
name Freon-C-318, Freon Div., E. I. du Pont de Nemours & Co 


, Wilmington, 
Del. 











Fig. 2—The TCi Model 120 High-Temperature Gaseous Dielec- 
tric Test Cell in operation for breakdown voltage measurement. 
Surveillance meter is in use here as indicator instead of the 
built-in visual indicator on the supporting base. See text for 
complete description. 
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Fig. 3—Block diagram of setup for test cell shown in Fig. 2. 


breakdown can be estimated, obtained from data sheets, 
or determined by a preliminary trial test run (for a given 
electrode gap distance). The measured breakdown volt- 
age (point of arcing) is determined by visual observa- 
tion of the are within the cell, or by watching an indi- 
cator device usually attached to the test cell. The value 
of the applied voltage that causes breakdown, or arcing, 
is a measure of the breakdown voltage of the gas (or a 
measure of the effectiveness of the gas as an insulator). 
The average value of several readings can be regarded 
as the average value of breakdown voltage. 

There are two other test methods that can be used. 
These are particularly desirable and useful for tests at 
higher frequencies (although both tests can be _per- 
formed with 60-cycle equipment) : 

1. The “Rapidly Applied Voltage Test” consists of the 
application of 60-cycle voltage to a test cell containing 
the gas. Starting at zero volts, the applied voltage is in- 
creased at a rate of 500 volts/sec until breakdown (arcing 
within the test cell) occurs. The average of several read- 
ings can be regarded as the average value of breakdown 
voltage for this test method. 

2. The “Impulse Voltage Test” is an easy test to per- 
form, provided suitable test equipment is available. This 
test consists of the application of a pulse of positive or 
negative polarity to the test cell containing the gas, and 
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noting the region of breakdown. For example (and since 
it is a severe test for a particular equipment design 
problem). a 144-usec by 40-usec (positive) pulse can be 
used. Such a pulse is defined as one which reaches its 
peak value within 114 psec, and decays to one half its 
peak value within 40 psec after the start of the wave- 
form. This is a practical example; it should not be re- 
garded as a recommended standard. Other pulsed wave- 
forms and shapes can and should be used; the choice 
should be determined by the system transient require- 
ments and class of service involved. It is important to 
note that the breakdown voltage may be considerably 
higher for high-frequency tests. 

For most practical purposes, available test equipment 
should be capable of supplying 60-cycle output voltages 
under load in the range from 0 to 50 kv (rms). 

Two important precautions should be observed during 
electrical testing or screening of gaseous dielectrics. 
First. a fresh supply of gas should be injected into the 
test cell for each breakdown test. This procedure is neces- 
sary to avoid the possibility of contaminating the gas 
being tested (it is well known that decomposition prod- 
ucts are formed in most gases whenever electrical break- 
the exact amount of decomposition prod- 
ucts formed is not known). If accurate results are to be ob- 
tained, it is mandatory that the test cell be purged with 
fresh gas for 30 sec or more after each test. Secondly, 


down occurs: 


since the mechanisms of recovery after fatigue, arcing, 
or quenching are not well known, it is suggested that a 
one-minute recovery period be observed before proceed- 
ing with the next electrical breakdown test. 


An Improved Gaseous Dielectric Test Cell 

A general-purpose gaseous dielectric test cell has been 
designed for the measurement of the breakdown voltage 
(or breakdown strength) of gaseous (or liquid) di- 
electrics. This new device (Fig. 2) is capable of opera- 
tion over a temperature range of —60 to +500 F. A 
block diagram of the test method is shown in Fig. 3. 

The TCi Model 120-HT Gaseous Dielectric Test Cell 
consists of unique supporting members and a _ trans- 
parent housing with suitable ports for inlet and outlet 
of gases and liquids. The materials were chosen so that 
the cell can be used for high temperature testing (in ac- 
cordance with various industry standards). Attached to 
the top of the housing is an insulated high voltage elec- 
rode adjustable for electrode gap distances of from 0.1 
to 0.5 in. Replaceable electrodes of various geometrical 
configurations can be attached to this adjustable shaft. 
as may be required by test conditions. A plane electrode 
of circular shape is located at the bottom of the test cell 
cavity. This electrode can be grounded directly, returned 
to ground through a suitable impedance, or used as a 
shielded electrode for certain radar applications. This 
test cell housing is mounted on a supporting base to which 
is attached a small box containing a visual indicator 
lamp. 

The use of the Model 120-HT Test Cell is as follows: 
the electrode gap distance is adjusted to some desired 
value, say 0.250 in. The gaseous dielectric is injected into 
the test cell cavity; the valve and connecting tubing are 
attached between the gas container and the inlet port of 
the test cell. The exhaust gas from the outlet port can be 
recaptured by a suitable connecting tubing and storage 
vessel, if desired. A 60-cps voltage from a transformer is 
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then applied between the adjustable high voltage electrode 
and circuit ground point in accordance with the test meth- 
ods described previously (initially, the preferred test 
would be the “One Minute Withstand Voltage Test”). The 
magnitude of the applied voltage is increased until an 
electrical discharge (arcing) occurs between the elec- 
trodes within the test cell. This discharge can be observed 
directly through the transparent cell housing, or ob- 
served as momentary flashes of the visual indicator lamp. 
The above test should be performed with nominal day- 
light, or artificial illumination present on the test cell. 

This cell can be used over a wide range of ambient 
operating conditions. If it is placed inside environmental 
test vehicles, the usual safeguards against electrical shock 
hazard to operating personnel must be observed. For 
some test conditions the test cell may be placed in a 
test chamber, or used in a situation or location where 
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Fig. 4—Relative per cent variation in breakdown voltage of 
gases readings vs electrode gap distance. 
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Fig. 6—Breakdown voltage vs electrode gap distance for the 
One-Minute Withstand Test, 60 cps. Normal temperature and 
pressure. Electrodes: %4-in. sphere to grounded plane. 
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visual observation of the actual discharge may be diffi- 
cult or impossible. In such cases, the TCi Model 510 
Surveillance Meter can be used as the indicating device. 
Placement of the meter for surveillance is not critical. 
Electrical breakdown in the test cell is indicated by a 
pronounced deflection of the meter pointer. The test 
cell and surveillance meter are small and easily portable. 
The overall size of the active test cell is about 5 cu in. 


Interpretation of Test Data 

The data obtained with the test cell and shown in this 
article were chosen to emphasize the need for standard 
test methods and procedures. The gases tested were SF¢, 
C.F, and a mixture of CyFg, CgFs and nitrogen. Data 
were also taken for air and nitrogen since these materials 
often are used for reference purposes. Figures 4-7, 
inclusive, present an interpretation of these data. 

The data in Fig. 4 are included here because they 
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Fig. 5—Average breakdown voltage vs electrode gap distance 
for normal pressure and temperatures. Electrodes: 34-in. sphere 
to grounded plane. 
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Fig. 7—Breakdown voltage (crest) vs electrode spacing for 
impulse voltage test. Positive pulse 1.5 40 usec. Normal 
temperature and pressure. Electrodes: 34-in. sphere to grounded 
plane. 
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Table li— 
Gaseous Dielectrics Selection Guide 


1. Study available data on the physical and chemi- 
cal properties of gascous dielectrics in order to 
choose the best materials for your requirements. 


. Select a gas that is nontoxic and completely 
inert, if possible; that is, a gas that will not 
decompose under the conditions of your appli- 
cation, or one that will not react with the other 
materials you propose to use. 


. If the information is not available, try to esti- 
mate the life expectancy of your equipment. 
Estimates of life-time or service life can be made 
for containers, electrodes, solids and dry insula- 
tors, and so on. 


. If your problem warrants the use of the gas 
under pressure, or as a refrigerant or coolant, 
observe the usual design procedures to obtain 
pressure vessels of suitable materials. Avoid 
materials that may react with, or be decomposed 
by, the gaseous dielectric. 


. The use of a “ratio concept” as regards voltage 
breakdown of dry (gaseous) dielectrics may be 
be very helpful. By ratio concept is meant the 
ratio of the breakdown voltage of the gas to the 
breakdown voltage of air, for identical conditions. 
A good gas is better than air by a factor of at 
least 2 in preventing breakdown or arcing. 
Operating frequency and shape of electrodes 
play big roles in determining breakdown. Choice 
of the optimum breakdown voltage can be 
determined experimentally by a test cell method 
(see text for explanation). 


illustrate the relatively large variations in readings that 
can be obtained if test methods and definitions are not 
uniform or standardized. Different engineers, using their 
own interpretations of test methods, obtained breakdown 
voltage readings that had maximum relative percentage 
variations of from 100 to 140 per cent (as related to 
or based on 100 per cent as the smallest reading). The 
“One Minute Withstand Voltage Test” gave the smallest 
percentage variation in readings and, thus, should be the 
easiest test to perform when all factors are considered. 
The use of uniform test methods and definitions and con- 
stant engineering supervision is essential if serious errors 
in equipment design procedures are to be avoided. 
Figure 5 shows typical breakdown voltage vs gap 
distance data for SFg and C3F¢, as referred to air NTP 
(normal temperature and pressure) for a given con- 
figuration, when the plane electrode in the test cell is 
grounded directly. The data are shown for both the 
“One Minute Withstand Test” and the “Rapidly Applied 
Test.” Note that the data and the method of testing em- 
phasize the stability inherent in the electronegative gases. 
If all other factors are held constant, and the plane 
electrode is returned to ground through a high im- 
pedance, some very interesting results are obtained, as 
shown in Fig. 6. Note that the breakdown voltages, par- 
ticularly that of C3Fs, are much higher. This suggests 
that the test cell and test cell method can be used as 
effective tools in equipment and component design. 
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As shown in Fig. 7, the breakdown voltages obtained 
under the “Impulse Voltage Test” can be quite high. 
This information, in conjunction with that obtained in 
Fig. 6, indicates that gaseous dielectrics can be used to 
improve the performance and range of radar and other 
high-frequency pulsed equipment. 

In connection with Fig. 7 (and Fig. 1), it should be 
noted that while the fluorinated hydrocarbon c-C4F x has 
some remarkable properties, its freezing point, vapor 
pressure and other data indicate that it cannot be used 
as a dry dielectric at lower temperatures, although it 
can be used as a coolant or refrigerant. The relatively 
high freezing point can be depressed by the addition 
of agents such as nitrogen, C3F xg, or perfluoromethylcyclo- 
hexane. The voltage breakdown characteristics of these 
mixtures (2, 3) are very good. The addition of approxi- 
mately 25 per cent by weight of perfluoromethylcyclo- 
hexane will depress the freezing point of c-CyF, to 
approximately —62 C. 


Conclusions 


1. Although only a limited number of fluorogases are 
commercially available, additional new gaseous (dry) 
dielectrics will become available in the near future. 

2. The need for uniform test methods, and supervision 
of test procedures by engineering standards groups, is 
essential for screening of gaseous dielectrics and for 
optimum design of equipment using these materials. 

3. The choice of the best gaseous dielectric for an 
insulation application in electrical equipment is a matter 
of design—and standards-engineering practice. The best 
gas should be nontoxic, inert and nonreactive over the 
environmental range of the equipment. It should have a 
breakdown voltage value that is at least twice that of 
air for heavy duty industrial and military applications. 
The optimum value of breakdown voltage for an equip- 
ment application can be determined by experimental 
means, or by the use of a gaseous dielectric test cell and 
standard test method. O00 
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AUTOMATIC MEANS OF CHECKING complex cable assem- 
blies and wiring harnesses are necessary to avoid the 
high cost of manual testing and attendant inaccuracies 
which result in extensive trouble shooting after installa- 
tion. 

Objectives of the automatic circuit analyzer designed 
by Republic Aviation Corporation, Farmingdale, N. Y.. 
were to provide rapid and reliable continuity, resistance 
and leakage tests with unambiguous fault indication for 
200 to 1200 circuits. Provision for functional testing 
(operation of relays, motors, or other devices within the 
circuits under test) was also required. 
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Automatic circuit analyzer checks up to 400 circuits. 
Programming setup is provided by standard computer-type patch- 





Automatic 
Analyzer 
Identifies 
Circuit 
Faults 


Circuit checker design provides high- 
speed cable harness testing with nu- 
merical readout of circuits at fault. 
Versatility of basic design provides for 
expansion and adaptability. Unitized 


program system permits functional 


testing and multiple-tie programming. 


An example of the design evolved is the instrument 
shown in Fig. 1. This particular test unit has a capacity 
of 400 circuits. The rate of operation for simple continu- 
ity checking is 500 circuits per minute. Rate of operation 
for “megging” and circuit loading is variable by means 
of controls on the front panel, Fig. 2. A selector switch 
on the front panel provides various combinations of tests. 

These test combinations are as follows: 

1. Continuity (no load). Automatically checks the 
wires under test for continuity at low amperage (25 ma). 
Each wire is tested against all wires and ground, simul- 
taneously. If any circuit faults are encountered, the test 
unit stops to indicate the wire number and the specific 
type of fault. Short circuits of up to 2 megohms resistance 
to other circuits are detected and identified. Open, re- 
versed and grounded circuits are also detected and indi- 
cated. By operating the trouble switch, all other circuits 
involved in the particular fault are indicated. 

2. Continuity (under load) and resistance acceptance 
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and measurement. In this test, continuity is tested as in 
No. 1; however, the load may be set at 14, 1, 14% or 2 
amp. Simultaneously, the resistance of each circuit is 
measured and automatically accepted up to any preset 
value from 1 ohm to 10 megohms. Continuity faults are 
indicated as in test No. 1. Resistance in excess of the pre- 
selected value is indicated by a separate trouble light. 
The actual resistance of the circuit under test may also be 
read directly from the meter. The current load-time 
periods are variable from 1/10 to 60 sec per circuit. 

3. Megging between conductors and ground. This 
megging test is provided to detect high resistance or in- 
sulation leakage between the conductor under test and 


Fig. 2—Circuit analyzer control panel and portion of fault 
indicator light bank. Digital indicator shows circuit under 
test; fault indicator lamp bank shows all circuits involved in a 
short, reversal, or ground. Functional panel (bottom) applies 
voltage to relays, motors, etc. within circuit under test. 


ground or any other circuit of the harness or component 
being tested. In this test a megging voltage of 250 er 500 
volts d-c may be applied. The megging-time period is 
variable from 1/10 to 60 sec per circuit. Any megging 
value up to 200 megohms may be selected. When a re- 
sistance megohm value below the selected value is en- 
countered, the analyzer will stop to indicate the circuit. 
The actual resistance may be read if desired. 

Functional testing is achieved by 30 double throw 
switches which are provided so that + voltage (normally 
28 volts d-c) may be applied to operate relays, motors, 
solenoids, or other devices within the circuitry being 
tested. The functional panel permits complete point-to- 
point testing even of complex combinations of such 
devices. Twenty indicator lights are provided for use in 
functional tests. 
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Programming is accomplished by use of single-unit 
program boards located in the top or side of the cabinet; 
a hinged, lockable door covers the compartment and as- 
sures security. Only one program board per analyzer is 
required, thus avoiding the hazard of patch cords be- 
tween boards. 


Circuitry. The automatic circuit analyzer uses a pulsed 
signal and stepper relay to advance the test switch con- 
nections from one circuit to another. Return of the pulse 
signal to the switch depends on the continuity of the 
circuitry being tested; therefore, if the circuit being tested 
is not continuous, the test switch will not advance. If the 
circuit is continuous, however, the signal will be re- 
ceived and the test switch will automatically advance to 
the next circuit, and so on throughout the entire test. The 
pulsed-signal theory is demonstrated on the single-circuit 
diagram in Fig. 3. 

While the stepper switch in the analyzer is connected 
to any circuit, another signal is impressed on the circuit 
and any short or high resistance between conductors or 
ground will be detected by a sensing circuit connected 
to the common load resistors. All resistance values up to 
2 megohms will be indicated as a short circuit on the 
analyzer. 

A reversal between the circuit under test and another 
circuit will interrupt the test switch the same as an open 
circuit and thus stop the switch from advancing. By 
depressing the trouble switch, the circuit under test and 
the circuit with which it is reversed will be indicated 
by lighted numbers on the light panel. 

The resistance of any circuit or all of the circuits being 
tested may be measured, and may be preset for a specific 
value of acceptance. Any circuit having a_ resistance 
higher than a preset value will stop the analyzer. 


Programming in the Adapter Harness. Ad- 
vancement of the analyzer testing mechanism from cir- 
cuit to circuit is accomplished by stepping switches. and 
is dependent upon the continuity of each circuit tested. 
Therefore, it is necessary to connect an adapter harness 
to both ends of each circuit to be tested and to the cor- 
rect plugs on the analyzer. This is accomplished by using 
four input plugs to feed a signal to each circuit being 
checked, and four return plugs to receive the signal 
through the continuity of the checked circuit. (In the 
megging test. the input plugs must be removed and the 
megging voltage applied on the return side only). This 
procedure is known as “Programming in the Harness” 
as distinguished from the Program Board System, which 
is optional equipment. 

Figure 4 illustrates a typical harness to be tested and 
shows how the various types of circuitry would be laid 
out in the harness. The illustration contains two multiple- 
tie circuits, two circuits containing relays (which must 
be energized to permit continuity to exist), and a few 
single-wire circuits. These circuits are laid out for testing 
by a standard 200 circuit analyzer. 


Multiple-Tie Circuits. Circuits having multiple tie 
points may be programmed by means of selector switches. 
Fig. 5, which disconnect circuits from the common load 
resistor shown in Fig. 3. The last half of the analyzer’s 
capacity may be programmed for multiple ties. The 
skip circuit switches located on the same panel in the 
rear of the cabinet are used to skip the analyzer along 
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Fig. 3—Simplified (single-cireuit) analyzer diagram. Fig. 4—Typical cable harness involving multiple tes and 


requiring that relays be actuated for continuity test to proceed 
beyond relay contacts. 


in increments of 100 circuits, but no tests are performed Vegging 

on the circuits as it passes. In this manner, the analyzer Resistance: up to 200 meg at 250 or 500 volts d-c 
can be moved quickly to any high-numbered circuit by Normal circuit current: 40 microamp at 500 volts, 
pressing each switch once for each 100 circuits up to the 20 microamp at 250 volts. 


group of circuits containing the circuit to be tested, Then, Civenit toting (oentiniiie wales toad) 
by pressing the start switch, the analyzer will test each : 
of the remaining circuits. 

Specifications. Typical test specifications are listed 
below: Resistance acceptance 


Voltage: 28 volts d-c 
Current: 0.5, 1.0, 1.5, and 2.0 amp 


wats : ; Voltage: 1.5 s d-c 
Continuity and high resistance shorts =e volts d 


Velinesi 98 volts he Resistance: | ohm to 10 meg 


Current: 25 ma Functional testing 

Short resistance: 2 meg, with 45 Its d-e Voltage: 28 volts d-c itive and negative polarity 

Short resistance: up to Z2 meg, with 40 volts d- oltage: Zo volts d-c, positive and negative polarity 
sensing Current: 4 amp Oooo 














Fig. 5—Maultipletie program- 
ming panel. This unit permits 
checking circuits such as that 
shown in Fig. 4 hy temporarily 
removing parallel branch con- 
nections from the analyzer test 
circuits. 
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Treating Transfer Functions 
on Analog Computers 


The advantages of describing a system in 
terms of its transfer function can be fur- 
ther enhanced by the use of this simple, 
direct means of treating the function on 
an analog computer. Equally applicable 
to systems where initial conditions exist 
as to where they are zero, this method 
permits going directly from the transfer 
function to a mechanical schematic of the 


computer arrangement in a single step. 


Table | -- Nomenclature and Symbols 


a,b = constant coefficients 
a, B, y, 6 

A, B, C, D 
Xi Xj; (t), system input 


constant coefficients 


constant coefficients 


Xo (t), system output 
x; (s), Laplace transform of the input 
Xo (s), Laplace transform of the output 
a polynomial in s 
a polynomial in s 
time 
= Laplace operator 
a function of s 
response contribution attributable to 
initial conditions 
4 =n-m 
Oo = potentiometer or gain adjustment 
> = adder 
LP > integrator 
differentiator 
n exponents 
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CYRUS BECK 

Head, Automatic Controls Branch 
Aeronautical Instruments Laboratory 
Nava Arr DevELOPMENT CENTER 
Johnsville, Pennsylvania 


ANALOG COMPUTERS ARE USUALLY EMPLOYED to solve 
problems in the form of differential equations. Some- 
times, however, a linear problem is presented in terms 
of the transfer function of the components of the system. 
The merit of the transfer function is two-fold. First, it is 
simple and succinct. It would be difficult to conceive a 
simpler notion than that of a signal going into a box 
and another signal (the input modified) leaving it. Sec- 
ond, something is known immediately about the system 
under consideration. The frequency response of the sys- 
tem is made available by the substitution of jw for the 
operator s. 

If a problem is presented in terms of transfer func- 
tions, passive networks can be utilized. The method pre- 
sented here. however, requires no equipment other than 
the analog computer. There is no need to calculate the 
parameters of networks or to construct them. 

The method is applicable to systems described by simul- 
taneous differential equations by simply converting to 
the corresponding transfer functions. It is particularly 
suitable to the solution of differential equations with de- 
rivatives on the input side since differentiators are not 
required. Although the method is primarily one of trans- 
fer function representation, initial conditions can also be 
treated. Perhaps the most striking single advantage of 
the method lies in the fact that the machine arrangement 
is identified with the physical form of the transfer func- 
there is a clear and obvious correspondence 
between the two. In a sense. the transfer function is the 
machine arrangement. 

A transfer function employed alone implies that the 
system under consideration is initially relaxed. Remarks 
in this section refer only to problems with initial condi- 
tions all zero. 


tion: i.e., 


The most common type of transfer function is an alge- 
braic fraction expressed in s, the Laplace operator. This 
may be represented as follows: 


ts) _ N(s) _ ans” + Anis”! 4+ as + do 
7,(s) D(s) 


where the a’s and b’s are real constants, m and n are 


(1) 


s® + b,_;8"" + . bs + bo 
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positive, and n > m, N(s) and D(s) are polynomials 
in s, and x, and x» are the input and output transforms. 
Such a linear time invariant system is the kind re- 
ferred to unless otherwise indicated. 

The development will be more readily understood, 
perhaps, if a specific transfer function is considered. It 
should be realized, however, that the method is perfectly 
general and applicable no matter what the degree of 
V(s) and D(s), subject only to the limitation that nm, 
and even this restriction may be relaxed in many cases. 

Consider the following operational equation: 


[ tir twe ts |- bin 
s+ As? + Bs + Cs + DJ ‘a 


The corresponding differential equation is 
X. + AK, + OK, + CR + OR; 


aX; + BX; yX, t bX; 
where 


X; = L“"{z,(s)} and X, = L-'{z,(s)!} 


The left side of Eq (3) characterizes the system while 
the right side drives it. 

As a preliminary, consider the system alone; i.e., the 
transfer function in Eq (2) with the numerator equal 


to one. 
l 
r i 
EF + As? + Bs? + Cs 4 = | ) 


For convenience, we introduce the quantity Q which 
is defined as: 
Q s+ As? + Bs + Cs + D (5) 


Equation (4) then becomes 


[4]: : 


which can be solved by the machine arrangement in 
Fig. 1. 

Indicating the output by x;/Q and remembering that 
each amplifier causes a sign change, the inputs to all 
the cascaded integrators are determined as shown. The 
output of each integrator is fed back negatively through 
potentiometers or gain adjusters. The two adders enclosed 
in the dashed line have no effect since they produce two 
sign changes. (The adders serve an important purpose 
later. ) 

Since the sum of the inputs to the first adder must 
equal the output of the second adder, from Fig. 1 we 
have: 

\s Bs? 


Zi - uy -—T Ps 7) 
0 or 4 ( 


Solving for Q gives: 

Q =s'+ As? + Bs? + Cs + D (8) 
which is the original definition for Q in Eq (5). Hence, 
the arrangement in Fig. 1 does represent the transfer 
function 1/Q so that Eq (4) is solved. 

As might be expected, the machine arrangement in 
Fig. 1 is identical to the arrangement obtained by solv- 
ing the corresponding differential equation by the usual 
method of solving for the highest derivative. 

Returning to the original transfer function given in 
Eq (2), we have: 


— [ as’ + Bs? + ys + 6 | (9) 


+ As? + Bs? + Cs + D 
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| 
Computer schematic for equation x, a Si 
0 


where 


VQ st + As’ + Bs? + Cs + D 





























Fig. 2 


Computer schematic for solving operational equation. 


[ as® + Bs? + ys + 6 | _ 
s+ As? + Bs? + Cs + DJ" 


Substituting Q in Eq (9) 


ai |= , Bs , ye, 8 | me (10) 
7) O 0 0 


It will be observed that each of the terms in the trans- 
fer function is available at some point in the machine 
arrangement of Fig. 1 except for coefficient and perhaps 
sign differences. Our transfer function is now the sum 
of four distinct transfer functions, all of which can be 
picked off the original machine arrangement and added 
as shown in Fig. 2. 

It is worth noting that the arrangement in Fig. 2 is 
the analog representation of the transfer function in Eq 
(2). The machine accepts an input which is a function 
of time and yields an output which is some other func- 
tion of time. The form of the input need not be known 
analytically nor must its transfer function be known. 

It may be observed that the individual derivatives some- 
times lose their identity. There are, for example, no 
points in Fig. 2 corresponding to the acceleration or 
velocity of the output x,. In most cases these may be 
made available, as will be explained later. 

Initial Condition Problems. Consider the following 
transfer function for a system not in the relaxed state 
at the time of excitation: 


aes Cs + D : 
t2(s) [= +As+B | rs) os 














Fig. 3—Computer schematic for solving 


Los) = X.(0)s? + [X.(0) + AX.0))s | 
Toe(s s+As+B j is 


the operational equation for a system excited by a unit input. 


The inverse Laplace transformation of Eq (11) yields 
the following differential equation of the system: 


KX.) + AX.) + BX.) = CX) + DX (12) 
where the inverse Laplace transformation is given by 
Xi(f) = L™ {2z,(s)} and X,(t) = L™ {z,(s)} 
If the dynamic system represented by Eq (12) is not 
if it has initial conditions such 
that the output and the output velocity are not zero, 


initially relaxed, i. e., 


X,(0) #0 and X.(0) <0 
then. using the basic direct transforms 
= str,(s) — sX.(0) — X,(0) 
L{X.()} = sz.(s) — X.(0) 


the Laplace transformation of Eq (12) becomes 


L{X.()} 


stx,(s) — sX.(0) — X.(0) + Asz.(s) — AX.(0) 
+ BzJ(s) = Csz(s) + Drs) (13) 

Equation (13) can be rearranged to give 

(s? + As + B)z.(s) = (Cs + D)ai(s) + X,(0)s 


+ X,(0) + AX,(0) (14) 


Solving for x,(s) yields 


a Cs +D »)  XO)s + X.(0) 4 
=A) laey +B ] zAs) 


1X.(0) (15 
s+As+B 


) 


It is apparent from Eq (15) that the total response 
of the system or the output x,(s) depends on the effect 
the system has on the input x; (s) given by the first term, 
plus the effect of the state of the system at time equal 
to zero given by the second term. The first term on the 
right hand side, taken by itself, may be mechanized by 
the method previously described since it represents a 
system with initial conditions zero. It is now necessary 
to obtain 


_ X.()s + X.(0) + AX,(0) 


Toc(#) 2+As+B 


where % -(s) is the system response attributable to the 
initial conditions. 

Since Eq (16) has no input to start the machine 
operating, it would be futile to set it up on the computer. 
It is therefore necessary to devise a means of circumvent- 
ing this condition. 

To begin with, Eq (16) may be rewritten 


X.(0)s + X.(0) + AX.) 


Les) 7 ee pa 


l (17) 

It will be recalled that 1 is the Laplace transform for 
unit impulse. Therefore, if a unit impulse could be 
supplied as the input, the machine could be started. A 
unit impulse is theoretically obtainable by differentiating 
a unit step. In practice, however, it will be found that 
such a procedure taxes the ability of the electronic com- 
ponents themselves to respond, raising the question of 
reproducibility. 

Suppose, instead, the numerator and denominator of 
the transfer function in Eq (17) are multiplied by s 
and written in the following manner: 


(X,(Os* + [X.) + AX.COD]s U1 


(18) 
' s + 1s T B {s 


Toc(S) 

This is a different, although related, transfer function 
which is to be excited by a unit step input. The machine 
arrangement to solve it is shown in Fig. 3. The output 
Yo- in Fig. 3 is the response of the system represented 
by the transfer function in Eq (11) caused by the initial 
conditions X,(0) and X,(0). 

Up to this point there was no requirement that the 
input or input transformation be known. If they are 
known, however, in many cases the initial conditions 
contribution and the input x;(s) contribution may simply 
be combined. The first step is to multiply and divide 
the second term of Eq (15) by x;(s): 


: Cs T D r(s T 
r(s) = E ray Ree 5 ]2 


\ ix " Sa, 
) [X.(0)s + X.(0) + AX.(0)] om a(s) (19) 


( s&+As+B 
Factoring out x;(s) from both terms and utilizing the 
common denominator, Eq (19) can be written 


\ 


J . y 
Cs + D+ [X. 0)s + X,(0) + AX,(0 ‘ 
wibueisd cole C0) + ANON ED ( ™A8) 

( s&+As+B \ (20) 


: , ; 1 : 
If the input is a unit step, x;(s) — —— which 
$s 


may be substituted in Eq (20) to give 


_ J Cs + D+X.(O)s*+ [X.(0) + AX.CO)]s U1 


z.(s 
" ’ s +As +B (s 


(21) 


Simplifying by combining common terms in the 
numerator, 


ras) = 2 XeCODs? + [C + X.(0) + AX.(O)]s + p\i (22) 

' ’&+As+B fs 
where x,(s) is the transformation of the total response. 
Realizing that [¢ + X,(0) + AX,(0)] is simply a constant 
coefficient, the computer arrangement follows directly 
from the method previously described. The initial con- 
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ditions are thus treated in a simple and concise manner. 

Use of Devices and Limitations of the Method. It 
was previously noted that one of the disadvantages of the 
transfer function approach is the loss of identity of the 
individual derivatives, such as velocity and acceleration. 
This does not necessarily mean, however, that they are 
unavailable. (They can always be obtained, of course, 
by successive differentiation of the output if differenti- 
ators are available and the concomitant noise is not 
objectionable). 


It is usually possible, employing this method, to obtain 


derivatives of the output without the use of differenti- 
ators. The number of derivatives available under such 
conditions is 

A=n-—-m (23) 


where m and n are the degree of the numerator and 
denominator respectively. In Eq (4) for example, 
A 1. Hence, four derivatives of the output should be 
obtainable from the machine arrangement in Fig. 1. This 
is shown by Fig. 4. 

In Eq (2), 4 = 1. This indicates that the machine 
can be set up to give both the output and its first deriva- 
tive. The arrangement is shown in Fig. 5. Comparison 
with Fig. 2 (which gives only the output without the 
first derivative) shows that the take-offs for the output 
have been shifted to the left. The upper inverters are also 
relocated to give the desired sign to the derivative. It is 
apparent that this shift has the effect of differentiation 
with a change in sign. If second or higher derivatives 
were sought, additional differentiators would be required. 

The reason for using the two adders in the dashed 
lines becomes evident in Fig. 5. If the adders are removed, 
the point of take-off for s*x;/Q disappears and the first 
derivative of the output is no longer available. Of course, 
if the derivative involving s*x;/Q is of no concern, the 
two adders may be omitted in the interest of amplifier 
economy. 

It should be clear that the computer can handle transfer 
functions where n<m if differentiators are available. In 
such cases a negative A indicates the number of difler- 
entiators required. 

An example of a transfer function where n<m is given 
in the following equation: 


Ze a +41 Bs* + ys + J (24) 
is+B 


be s? + 


Here A = —1, which implies that one differentiator 
must be employed to obtain x». 
Defining Q by 
Q=s+As+B 


Equation (24) becomes 


as? , Bs? ys 6 | 6 
ro = -+— + —— | 2 26 
[ Q Q QO F 0 (26) 


The machine arrangement for Eq (26) is shown in 
Fig. 6. It will be noted that one differentiator is em- 
ployed. Suppose, however, the computing machine has 
no differentiators, and a transfer function like Eq (24) 
must be considered. For such instances, thege are devices 
which may prove helpful as illustrated in the following 
example. 

It has been assumed in this section that the character 
of the input is unknown. If the input and its transform 
are known, the information may often be applied advan- 
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s%Xo - SX -SXo 























Fig. 4--Schematie for same equation as shown in Fig. 1, but 
with derivatives (velocity, acceleration, etc.) of the output 


taken off. 
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Y 
Fig. 5—Solution of same operational equation as in Fig. 2, but 
with schematic rearranged to obtain derivative of output. 


m= Xo 























Fig. 6—Computer schematic for equation 


as® Bs? ys 6 | 
Do = | ——t—— + t+ = 
[ ee ee 
in which higher order of operator s occurs in numerator than 
in denominator. 


SOCCOSOOOOHOOOSOOSEOOEOEEEEOOSEOEEEEEESS 
tageously. Consider the case where a system represented 


by Eq (24) is excited by a sinusoidal input of frequency 
» and unit maximum amplitude. We have then 


X; = sin wt (27) 


whose Laplace transform is 


(28) 


97 





® ® 























Fig. 7—Three steps (A, B, and C) in constructing a computer 
schematic directly from transfer functions. 


seeeeeeeseseeoeseeeoeoeseseeoeeeseeeeseeeeee 


Substituting for x; in Eq (24), 
(29) 


Multiplying and dividing by s, Eq (29) can be written 


as Tr Bs* + ys + a ( ws ) I 30 
[ s+As+B s+w’/ 8 is 


Clearing yields 


ast + Bs*® + ys* + ds , , 
; + Bs? +4 m 31) 
= + As* +(B + os + Aus 4 aa | ae 


Equation (31) represents a new transfer function with 
numerator and denominator of equal degree in s and 
excited by a step input of magnitude w. This device 
simply utilizes the difference, if any exists, in the degree 
of s in numerator and denominator of the transform of 
the input. 

Computer Arrangement From Transfer Function. 
Because of symmetry, an analog computer schematic dia- 
gram can be drawn immediately from a transfer function. 
The following example will illustrate how easily shortcuts 
can be taken. 

Suppose the computer schematic for the following 
transfer function is desired: 

Lo as* + Bs* + ys +6 (32) 
Zi si + As? + Bs? + Cs + D 

1. Draw the schematic skeleton from the coefficients 

of the transfer function as shown in Fig. 7A. the circles 
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representing potentiometers or gain adjustments. The 
horizonal line corresponds to the fraction line in the 
transfer function. The vertical lines connect the coefficients 
of the terms of equal powers in s in the numerator and 
denominator. 

2. Insert inverters in every even-numbered branch 
and integrators in the fraction line in front of each 
branch junction. (See Figure 7B.) Opposite potenti- 
ometer branches can, of course, be taken off the same 
inverting amplifier. 

3. The outputs of the denominator potentiometers are 
fed back into the first integrator where the input x; is 
also introduced. The outputs of the numerator potenti- 
ometers are supplied to an adder which provides x, as 
shown in Fig. 7C, the final machine arrangement. 

Application. Two examples of the use of the method 
follow. 

A. Transfer Function Computer Arrangement. Suppose 
the dynamic system described by the transfer function 
in Eq (33) has an input x; imposed on it. The output x 


O.4s + 5.0 
: 33 
| - + 0.65? + 3.38 4 mae ad 


Following the method previously described, the com- 


is desi red. 


puter arrangement as shown in Fig. 8 is obtained. When- 
ever a coefficient is larger than 1 and less than 10, it 
may be simulated by dividing the setting by 10 and 
multiplying by 10 at the amplifier input. A coefficient 
of 5, for example, is obtained by setting 0.5 on the 
potentiometer and feeding it to an input gain of 10. 

Suppose now, that the output velocity as well as the 
output is desired. Since A = 3 —1 =—2, the velocity can 
be obtained. Multiply both sides of Eq (33) by s. 


0.48? + 5.08 
3 + 0.6s? + 3.38 4 a7 i GH) 


This may be mechanized as shown in Fig. 9. The two 
take-offs have been shifted to the left, with the inverter 
also switched to the second take-off instead of the first. 
Since such a change is equivalent to taking the derivative 
of the output, the velocity sx, is available. To obtain the 
output x,, the velocity is simply integrated as shown in 
Fig. 9. 


B. Initial Conditions Problem. Let a system not ini- 




















Fig. 8—Mechanization of the operational equation 


0.4s + 5.0 | 
— | z% 
0.6s? + 3.38 + 0.7 
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Mechanization of the operational equation 


0.48? + 5.08 | 
J 
8 + 0 6s? + 3.38 + 0.7 


with velocity of output also obtained. 


tially relaxed be described by the following differential 


equation and let the input at 0 be a unit step. 


x i 4 0X 0.9X 0.8X, 


Initial conditions on the system are 


2.0X (35) 


X,(0) = 2.0 and X,(0) = 0.1 


As given in Eq (13), the Laplace transformation of 
Eq (35) is 
sX,(0) X (0) 


1.0sr 1.0X,(0) 


0.887; 


0.97, 
2.0r; (36) 


Substituting for the initial conditions gives 


S°Lo 2.0s — 0.1 1.0sr, — 8.0 + 0.97 


0.8sr 


Eq (37) reduces to 


[ 0.88 +20 | 2.0s 4 
at = r T- 
s + 4.0s + 0.9 * "gt + 4.08 


Eq (38) may be written 


l 
[ 0.8 + 2.0 |e (2.08 + 8.1) 
s? + 4.0s + 0.9 # + 4.0s + 0.9 
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Fig. 10—Computer schematic for operational equation 


2 Os? + 8.98 + 2.0) l 
s+4.0s + 0.9 $ 


in which system is not initially at rest. 


Factoring 


2.0 + (2.08 


1.0s + 0.9 
Since the input is a unit step (a 


becomes 


1 [2s + 2.0 + (2.0s + Se ] 1 
s? + 4.0s + 0.9 s 


Simplifying gives 


— [22 + 8.98 + =a ] 
s? + 4.0s + 0.9 s 


The computer arrangement for this equation is given 
in Fig. 10. & GO 





Optimum Shapes for 
Thermostat-Metal Cantilever Strips 


(Continued from page 75) 


Figure 6 enables an infinite variety of tapered beams 
equal in performance to a given rectangular beam to be 
determined. The same example has been worked, out on 
this chart. With a taper of n 
sects curve n at 3/K 1.159. 


0.5, a vertical line inter- 


we = 1.159w 


A horizontal line at this point intersects P at 86.9 per 
cent and 3n/K at 0.58. 
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uw, = 0.58 w 

It can be seen from Fig. 6 that the maximum eff- 
ciency is obtained from an element tapering to a point, 
a triangular shape. The maximum material saving, as- 
suming no scrap, is 25 per cent; that is, the triangular 
element is 75 per cent of the volume of a rectangular 
element of equivalent performance. 

The value 3/K is also the mechanical deflection or 
spring rate of a beam of taper n, relative to a rectangu- 
lar beam when the width at the clamped end of the 
tapered beam is equal to the width of the rectangular 
beam and their lengths are equal. Thus, a beam with a 
taper of 0.5 will deflect 1.159 times as much as a rec- 
tangular beam whose width is equal to the width of a 
tapered beam at its clamp. O00 
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TITANIUM— 


lts Properties and Design Potentials 


Current structural and electronic uses for titanium and its alloys are presented. Poten- 


tial uses based on exceptional properties in design of components and equipment are 


explored. Physical properties of standard and new alloys, with fabrication data supported 


by charts and graphs, are discussed. 


H. E. BARKAN, Associate Editor 


THIS STUDY EMPHASIZES the structural and electrical 
qualities of titanium useful in the design of electrical 
equipment. Applications are seen in the design of light- 
weight gears for computers and airborne equipment. In 
addition, where marine environments and salt water 
corrosion are a problem, it can be seen in the design 
of shipboard electrical systems. 

The structural qualities of titanium are very import- 
ant, especially where light weight and corrosion are 
factors. Its use in pump equipment, gears. fasteners 
and housings is definitely indicated. For instance, ti- 
tanium appears to have a future in the design of hous- 
ings for portable machine tools where both strength 
and light weight are desirable. 

The early work on alloys of titanium forecast ma- 
terials of greater strength-to-weight ratio than are avail- 
able in other materials currently being used. An added 
advantage of titanium and its alloys is the unusual 
corrosion resistance it exhibits toward standard environ- 
ments. 

In less than ten years titanium has become a proven 
engineering material, backed by an experienced produc- 
ing industry. Application of the metal is growing in 
scope and volume. The already-proven economic bene- 
fits of titanium usage provide a sturdy base for a steady 
increase in the utilization of this versatile metal. 


. > 
Physical Properties 
General 
Titanium, a silvery gray metal. is very soft and duc- 
tile in pure form. It is light, strong and corrosion- 
resistant. Titanium lies between the light metals mag- 
nesium and aluminum, and the heavy metals such as 
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iron and tungsten. Tables | through IV give compara- 
tive properties of titanium with some other alloys and 
metals. Through appropriate alloying its strength can 
be increased to levels equal to some of the best struc- 
tural materials available. It is an active metal, readily 
dissolving carbon, nitrogen and oxygen. 

The metal shows the normal electrical resistivity char- 
acteristics of all metals in that resistance increases with 
addition of alloying elements and with increases in 
temperature. 

The combination of high strength and low density 
make for a strength-density ratio superior to that of 
many materials over an intermediate but wide tempera- 
ture range. Figure 1 is a comparison of the yield 
strength-density ratio as a function of temperature for 
various titanium, beryllium and ferrous-base alloys. On 
a strength-density basis the hot work die steels are 
the most competitive materials commercially available. 
The top curve in Fig. 1 represents an all-beta titanium 
alloy. This alloy has the trade designation of BIZOVCA 
and has the potential of being heat treated in excess 
of 250,000 psi ultimate tensile strength with useable 
ductility. Tensile properties are only an indication as 
to how a material will behave under operational con- 
ditions. When it is to be used at elevated temperatures, 
creep properties become increasingly important. 


Elevated Temperature Properties 


Though the high melting point of titanium should 
make it suitable for applications at very high tempera- 
tures, this is not the case. The maximum temperature 
for titanium usage appears to be about 2000 F for a 
very short time and 1100 F for long-time use. Creep 
strength is not necessarily the limiting factor at very 
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Table 1—Comparative Properties of Titanium and Other Pure Metals*® 





Physical properties 


Atomic number 

Atomic weight 

Density at 20 C _ 

Melting point, deg C 

Melting point, deg F 

Specific heat (cal/gm/deg C) 

Latent heat of fusion (cal/gm) 

Coefficient of linear thermal expansion per deg 
x 10° 

Thermal conductivity (watts cm” deg C™*) 

Modulus of elasticity (kips/in’) 


Ps 
Source 


Cc 





Magnesium 


12 
24.32 
1.74 
650 
1202 
0.249 
70.0 


25.2 
1.55 
6,500 


13 
26.97 
2.70 
660 
1220 
0.226 
93.0 


22.9 
2.18 
10,300 





Aluminum 





TITANIUM 


22 
47.90 
4.54 
1725 
3140 
0.142 


8.5 


15,000 





**Mechanical Properties of Metals and Alloys,” Circular C447—U.S. Dept. of Commerce, National Bureau of Standards. 


Iron 
26 
55.85 
7.87 
1539 
2802 
0.108 
65.0 


11.7 
0.79 
28,500 








Table 1!—Comparative Properties of Titanium, Aluminum Alloys and Austenitic Stainless Steel 





Physical properties 


Crystal structure 


Transformation 
Density 


Melting point 

Coefficient of linear expansion 

Specific heat (Btu/Ib/deg F or cal/gm deg C) 
Electrical conductivity 

Electrical resistivity 


Thermal conductivity (Btu/ft*/in./deg F/hr) 
Magnetic 
Electrode potential 





TITANIUM 


alpha 
(below 1615 F) 


beta 


(above 1615 F) 


1615 F 

4.5 gm/cc 

0.16 Ib/in® 

3140 F 

5.0 x 10°*/deg F 

0.13 

3.1% L.A.C.S. 

r 61 
microhms/cc 

105 

para 

1.75 


75ST Aluminum 


18-8 
Austenitic 
stainless 
steel 








None 
2.80 gm/cc 
0.10 Ib/in*® 


12.9 x 10°*/deg F 

0.21 

30% I.A.C.S. 

¢= 5.75 
microhms/cc 

845 

para 


None 


0.290 


0.12 
2.3% 


113 





8.02 gm/cc 


Ib/in* 


2550 F 
9.6 x 10*/deg F 


LA.C.S. 


‘= Fe 


microhms/cc 


para (annealed) 


Table Ill—Typical Comparative Room Temperature Properties of Titanium and Some Alloys 





Annealed 


80,000 
70,000 


Ultimate tensile strength, psi 
Yield strength (0.2% offset) psi 
Elongation (2 in. gauge length), 
% 20 
0.164 
15x 10° 


0 
Density (Ib/in*) 
Modulus 








*As produced by Remington Arms Company, Inc. 


Commercially-pure TITANIUM* 


14 Hard 
cold work 


110,000 
95,000 


12 





Full hard 
cold work 


125,000 
110,000 


10 





10. 


75ST 


Aluminum 


80,000 
72,000 


13.5 
0.101 
4x 10° 


24ST 
Aluminum 


67,800 
41,000 


23 
0.101 
10.5 x 10° 








Type 302 
stainless steel 


Annealed 


87,000 
37,000 


55-60 
0.286 
28 x 10° 


Table IV—Typical Comparative Strength Weight Values of Titanium and Some Alloys 


30% 
cold work 


168,000 
140,000 


15 








Annealed 
sheet 


Property 


0.2% Offset yield 

Density 
Ultimate 
Density 


0.2% Offset yield 

Density 
Ultimate 
Density 


0.2% Offset yield 
Density 

Ultimate 

Densitv 100 


*As produced by the Remington Arms Company, Inc. 
Note: 
0.286 Ib/eu in. 
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14 Hard 


110 





140 


Commercially-pure TITANIUM* 


Full hard 





122 


400 F 


75ST 








24ST 


302 
stainless 
steel 


119 


196 





All values in tables to be multiplied by 10°. Density of Ti taken as 0.164 Ib/cu in. Density of Al alloys taken as 0.101 Ib/cu in. Density of sta 


ss steel taken as 
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Fig. 1—-Yield strength-density ratio as a function of temperature. 
high temperatures. At temperatures above 1100 F the 
metal absorbs oxygen and nitrogen at rates that sig- 
nificantly decrease the usefulness of the material. 


Tensile Properties 

Titanium and titanium alloys find their greatest ap- 
plications at slightly elevated temperatures where both 
strength and density are important. Figure 2 shows el- 
evated-temperature tensile strengths of some representa- 
tive materials in comparison with titanium. 

Up to about 300 F, unalloyed titanium and 2025-T 
aluminum alloy have approximately equal strengths: 
however, above 300 F titanium is stronger. In the 800 
to 1000 F temperature range. titanium alloys have 
strengths between those of stainless steels and super al- 
loys such as S-816. In this range very high strengths 
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Fig. 2—Effect of temperature on the tensile strength of several 
elevated-temperature materials. 
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are shown by the heat-treated steels such as 17-7PH. 

When density is considered as well as strength, Fig. 3, 
titanium alloys are much superior to both stainless steel 
and super alloys up to about 1000 F. 


Thermal Stability 


In the selection of materials to be used at elevated 
temperatures, the ability to maintain an initial set of 
mechanical properties at room temperature following 
elevated-temperature exposure is important. If micro- 
structural changes occur during thermal exposure, there 
is a possibility that the material properties will be ad- 
versely affected either by loss of strength, loss of 
ductility, or both. This condition is known as thermal 
instability. The reactions that occur may be accelerated 
if the material is exposed under stressed or creep con- 
ditions. The terms stress-instability and creep-embrittle- 
ment have been used to describe materials that are not 
stable under stressed exposure at elevated temperatures. 
The term thermal stability is therefore interpreted here 
to include stability under creep conditions as well as 
elevated-temperature exposure alone. 

As will be explained later, titanium alloys are often 
classified 
alpha, alpha-beta. and beta alloys. The alpha-stabilized 


according to their basic microstructures as 
alloys. such as Ti-5A1-2.5Sn, are considered completely 
stable. In both the alpha-beta and beta alloys, the beta 
phase is subject to transformation. In addition to the 
possible alpha and beta transformations, prolonged ex- 
posure at high temperatures may result in the forma- 
tion of a brittle contaminated layer on the 
from reaction with the atmosphere. The results of a 
thermal stability test may depend on whether or not 
this brittle layer is removed before final testing. 
From the available thermal-stability data for com- 
mercial titanium alloys, their outstanding feature appears 


surface 


to be high stability. Results of recent tests suggest that 
much of the reported instability has been caused by hydro- 
gen-induced strain-rate sensitivity rather than by micro- 
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Fig. 3—Effect of temperature on the strength-weight ratio of 
several elevated-temperature materials. 
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structural changes. Much of the remaining instability 
can be ascribed to poor fabrication and heat-treatment 
procedures. 


Corrosion Resistance 

Like many other metals, the corrosion resistance of 
titanium is not inherent but rather a result of protective 
surface processes. It appears that three processes have 
an important bearing on the corrosion resistance of ti- 
tanium. 

The first is the formation of a very adherent oxide 
film on the surface. There are some indications that 
this film is atomically bound to the metal and thus 
is exceptionally resistant to penetration by corrosives. 
The second process is the apparent adsorption of oxygen 
ions by titanium on its surface. Such chemisorbed films 
are also known to provide corrosion protection. A third 
corrosion-protecting process is electrochemical in nature. 
This process (polarization) acts to prevent the estab- 
lishment of corrosion-accelerating electrical or galvanic 
cells on the surface of the metal. A number of corrosion 
theorists believe that the establishment of such local 
cells is the primary corrosion-resistance mechanism for 
many metals. 

In respect to corrosion resistance to mineral acids, 
titanium is somewhat similar to stainless steels. It is 
quite resistant to nitric acid, possesses limited resistance 
to hydrochloric and phosphoric acids, but is not use- 
fully resistant to sulfuric acid except under special con- 
ditions. 

Titanium possesses excellent resistance to marine en- 
vironments. One investigation established its superiority 
to some stainless steels. aluminum and some nickel al- 
loys in such environments. Titanium subjected to the 
action of a submerged jet of sea water for 30 days 
showed no significant weight loss and there was no 
change in the surface appearance. Titanium specimens 
whirled through sea water at 30 ft per second for 60 
days suffered negligible attack. The metal also has a 
high resistance to cavitation erosion. 

When two dissimilar metals are electrically joined 
and immersed in an electrolytic medium, the corrosion 
of the more anodic of the two metals is often ac- 
celerated. Such accelerated corrosion usually is localized 
and, if severe, may cause premature failure. 

Titanium passivates readily in a number of environ- 
ments, exhibiting a noble electrode potential somewhat 
similar to that of a passive 18-8 stainless steel. Because 
of its noble. position when passivated, titanium is seldom 
the couple member which undergoes accelerated attack; 
it is the metal coupled to the titanium which shows in- 
creased corrosion, particularly if that metal (aluminum, 
magnesium) is strongly anodic to passivated titanium in 
the service environment. 

In addition to environmental sensitivity, polarization 
of either or both members of a couple can play an im- 
portant role in determining the corrosion rate. Because 
titanium undergoes extensive polarization in either direc- 
tion, the galvanic action of titanium-metal couples gen- 
erally is less than the single electrode potentials indi- 
cate. It has been shown that when tin and nickel are 
coupled with titanium, the polarization effects are so 
great that no measurable amount of current flow can 
be detected at any time. Nevertheless. such corrosion 
is a problem to be considered when titanium is used 
in contact with other metals. 
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Titanium in Semiconductors 


Titanium dioxide-based ceramic components 
have found important applications as capacitors 
and converters of electrical energy into mechanical 
energy. These applications are based on very high 
dielectric constants and some electro-mechanical 
phenomena attached to the high dielectric constant. 

The dielectric constant for titanates used in elec- 
tric circuit components range from 13 for magnes- 
jum titanate to several thousand for solid solutions 
of strontium titanate in barium titanate. 

Capacitors based on titanium dioxide combine a 
dielectric constant of about 100 with a very low 
loss factor and moderate negative temperature 
coefficient of capacity. A big field of application 
for various types of these capacitors is in television 
receivers, where their compactness is advantageous. 

Barium titanate not only has a high dielectric 
constant but also excels in its characteristic 
temperature and voltage dependence on dielectric 
polarization, which makes it a close electric ana- 
log to magnetic iron. The dielectric constant shows 
a sharp maximum of almost 10,000 at about 120 
C, the “Curie point.” Below this temperature the 
dielectric constant is strongly dependent on the 
voltage, first increasing and then decreasing with 
applied voltage gradient and there is a marked 
dielectric hysteresis. These dielectric properties are 
not greatly dependent on the frequency of the 
applied electric field between 100 eps and several 
megacycles. This shows that the hysteresis phe- 
nomenon is not a molecular frictional effect but 
is due to an essentially stable polarized state of 
the electric material, comparable to the magnetic 
condition of a permanent magnet. However, this 
does not indicate that barium titanate which has 
been subjected to an electric polarizing field is 
the permanent source of an external electric field 
or that it repels or attracts electrically charged 
particles. 

Reduced titanium dioxide is a semiconductor 
with potential for use as a_ high-temperature 
rectifier material. The rectifier can be made with 
either reduced ceramic titanium dioxide or ti- 
tanium metal. 











It has been found that titanium is not attacked in 
either marine atmospheres or sea water when coupled 
to any of the common construction metals. Of the metals 
coupled to titanium, those more anodic than Monel show 
a noticeable increase in corrosion rate. These include 
low-carbon steel, copper, aluminum and magnesium. 

Corrosion problems resulting from galvanic couples 
are solved either by preventing the galvanic attack 
through insulating one or both members of the couple 
(coating, surface treatment, or insertion of insulators) 
or including a waste piece (sacrificial anode) in the 
structure so that such attack occurs only at nonstructural 
points. Both methods are applicable to titanium. Several 
nonmetallic, inorganic coatings can be applied to titani- 
um for use in combating galvanic attack. These are 
anodizing, immersion coating with fluoride, phosphate, 
or ceramic coatings. 


Metallurgy 


Production of titanium is a two-step operation. The 
metal is first separated from its ore and reduced to its 
metallic form by a chemical process. The result of this 
first phase of production is “sponge” titanium. This is 
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Table V—Commercial Titanium Mill Products 





Titanium and 
titanium alloys, 
nominal composition 


High purity 
Unalloyed 
Unalloyed 
Unalloyed 


3A1-5Cr 
5Al-2.75Cr-1.25Fe 
5AI-1.5Fe-1.4Cr-1.2Mo 
5Al1-2.5Sn 


6Al1-4V 


2.2Fe-2.1Cr-2.0Mo 
8Mn 

3Mn-1.5Al 
~.25Mn-2.25Al 
4Mn-4Al 


— 


Mallory-Sharon 


MST Grade III 
MST Grade III 


MST-3AI1-5Cr 


MST-6AI1-4V 


MST-8Mn 








MST-4Mn-4Al 


C-110M (RC-130A)* 


C-130AM (RC-130B)* 


—-— —4 


A-70 (RC-70)* 


Producer’s designation 


Rem-Cru 


A-40 
A-55 (RC-55)* 


A-110AT 


C-120AV 





RS-55 
RS-70 


RS-140 
RS-110C 
RS-120A 
RS-110A 

RS-110 


RS-110B 
RS-130 


Republic 





TMCA 


Ti-55A 

Ti-65A 

Ti-75A 
Ti-100A 


Ti-155A 
Ti-5Al-244Sn 


Ti-6Al1-4V 


Ti-140A 





Mil-T-12117(ord) CL120 


Mil-T-12117(ord) CL120 


Mil-T-12117(ord) CL100 
Mil-T-12117(ord) CL120 


Other designations 
Military 


Mil-T-12117(ord) 
Mil-T-9047A-CL1 
Mil-T-7993A-CL1 
Mil-T-12117-CL70 
Mil-T-9047A (ASG) 


Mil-T -009046 


Mil-T -009046 
Mil-T-9047A (ASG) 
Mil-T-009046 








Titanium and 
titanium alloys, . a3 
nominal composition Mn Cr Fe 


High purity 
Unalloyed 
Unalloyed 
Unalloyed 

3A1-5Cr 
$A1-2.75Cr-1.25Fe 
5AI-1.5Fe-1.4Cr-1.2Mo 
5AI1-2.5Sn 

6A1-4V 
2.2Fe-2.1Cr-2.0Mo 
8Mn 

3Mn-1.5Al 
3.25Mn-2.25Al 
4Mn-4Al 


7.9 
3.0 
3.25 
4.0 














*Former designations. 


1These property data are presented for general comparison purposes. They do not represent minimum 


Nominal or composition ranges 





a ; ult, 


Room-temperature mechanical 
properties, as annealed! 


Tensile 
yield, 
1000 psi 


Tensile Reduction 


in area, | Density, 
on ae 


lo lb/in.° 


Elongal 
tion, % 
=e 
28 
25 
20 
13.5 
10 
15 
15 
15 
15 
10 
12 
10 
15 


Ti 


99.9 
99.2 


1000 psi 
65 
80 
90 

155 
150 
155 
125 
140 
130 
120 
110 
120 
150 


50 

65 

80 
145 
140 
145 
120 
130 
115 
110 
100 
110 
140 


0.169 
0.170 
0.165 
0.165 
0.163 




















or design properties specifically but, rather, indicate general com- 


parative strength levels in the annealed condition. Many alloys could be routinely heat-treated to much higher levels. 


2All titanium sheet is formed with considerably less difficulty at elevated temperatures and this practice 


is generally recommended by producers. Forming can be accomplished 


at temperatures in the 500 to 1000 F range with no need for post-forming surface treatment, provided the time at temperature is short. 
Some users report difficulty in producing welds without porosity, while others do not. 


Source 


pure but very porous. The second phase begins with 
the sponge as a raw material. Alloying elements are 
added, as required, to the sponge which is then pressed 
into consumable electrodes and melted. The electrodes 
are vacuum double-melted to consolidate the titanium 
into ingot form. The ingot is then rolled or otherwise 
formed into mill products. 

Titanium is not a rare metal. It is the fourth most 
plentiful structural element in the earth, outranked in 
abundance only by iron, aluminum and magnesium. 

Titanium alloys withstand service operating tempera- 
tures up to 800 F, and for brief periods to 2000 F, 
whereas other metals lose strength more rapidly above 


250 F. 


Types of Alloys 

Commercial titanium alloys are of three types. The 
first is the alpha alloys. This group comprises unalloyed 
titanium and those alloys where the alloying elements 
which stabilize the alpha phase (the low-temperature 
modification of titanium) so predominate that the struc- 
ture is essentially alpha. Aluminum is the most prom- 
inent alpha-stabilizing addition to titanium although 
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Titanium Metallurgical Laboratory, Battelle Memorial Institute, Columbus, Ohio. July 1957 


oxygen, also an alpha stabilizer, is usually present as 
an impurity. Tin and zirconium also stabilize alpha 
but are used less then aluminum because of their lesser 
stabilizing effect. The alpha phase is stable from room 
temperature up to 1625 F. 

The second type of alloys is the alpha-strengthened 
or alpha-beta. These alloys contain aluminum and addi- 
tional elements which tend to stabilize the beta phase, 
resulting in a two-phase microstructure. In this type of 
alloy the major phase is alpha. 

The third type is the aluminum-free alpha-beta alloys 
containing only beta-stabilizing alloying elements. In 
these alloys, beta stabilizers are used in sufficient amount 
to produce a structure containing a majority of beta 
phase. Table V summarizes commercial alloys of the 
three types mentioned, with a few remarks regarding 
fabricability. Notable is the fact that several alloys en- 
joying current production use are not yet standardized. 

Most alloys are used in the alpha-beta annealed state. 
Here the alpha phase is comparatively soft and ductile 
and the beta phase is somewhat harder and less ductile 
at room temperature. However, the alpha form is strong- 
er at hot working temperatures. Control of beta-to-alpha 
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Other 
designations 


ASTM Mill forms 
B266-52T Sheet, bar, plate, billet, wire 

_ Sheet, bar, plate, billet, wire, extrusions, tubing 
1B265-52T-Gr2| Sheet, bar, plate, billet, wire, extrusions 





Micro- 
structure 
type 


Alpha 
Alpha 
Alpha 
Alpha 
Alpha-beta 
Alpha-beta 
Alpha-beta 
Alpha 
Alpha-beta 
Alpha-beta 
Alpha-beta 
Alpha-beta 
Alpha-beta 
Alpha-beta 





1B265-52T-Gr3 


Billet, bar 








Heat- 
treatment 
response 

None 
None 
None 
None 
Intermediate 
High 
High 
None 
Intermediate 
High 
High 
Mild 
Mild 
Intermediate 


Bar, forgings 
Strip, plate, sheet, bar, billet, wire 





Billet, bar, rod, forgings, plate 


Sheet, bar, forgings 

Sheet, strip, plate 

Sheet, plate, billet, bar, wire 
Sheet, plate, billet, bar, wire 
Bar, billet, wire, forgings 


Fusion 
weldable 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
Yes* 
Marginal 
No 
No 
Marginal 
Marginal 
Questionable 





Sheet, plate, strip, wire, bar, billet, extrusions 


Plate, sheet, bar, billet, wire, rod, extrusions 


Formability” 
at R.T. 


(sheet-0.080 max) 


High 
High 
High 
High 
Bar only 
Bar only 
Bar only 
Intermediate 
Intermediate 
Intermediate 
Intermediate 
Moderate 
Moderate 
Bar only 


transformation enables titanium alloys to be hardened 
by heat treatment. 

Most alloying additions tend to stabilize the beta 
phase, lowering the transformation temperature. Such 
additives include iron, chromium, manganese, molyb- 
denum and vanadium. Addition of aluminum tends to 
stabilize the alpha phase, raising the transformation 
temperature. 

The beta-stabilizing elements promote the heat treat- 
ability of titanium. However, some beta stabilizers like 
iron and chromium form brittle compounds under cer- 
tain conditions of composition and temperature. 

The alpha-stabilizing elements such as aluminum 
strengthen the alloy at elevated temperatures. These 
alloys, however, cannot be heat treated to high strengths 
at room temperature. Therefore, combinations of alpha- 
and beta-stabilizing elements are used in the design of 
titanium-base alloys for specific applications. 


Effects of Alloying on Physical Properties 


Referring back to the three alloy types, Fig. 4 shows 
the approximate ultimate tensile strength of alpha-beta 
alloys containing only beta stabilizers. from room tem- 
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perature to 1000 F. For comparison, unalloyed titanium 
of about 80,000 psi ultimate tensile strength grade also 
appears. Figure 5 shows a similar plot for alpha-beta 
alloys containing both beta stabilizers and aluminum, 
which is an alpha stabilizer. This plot indicates that 
molybdenum contributes more  elevated-temperature 
strength than vanadium additions. Also indicated is the 
elevated-temperature strengthening effect of increasing 
aluminum content in alpha-beta alloys. Figure 6 shows 
the strength of several alpha alloys at elevated tem- 
peratures. 

The aluminum-containing alpha-beta alloys have the 
highest tensile strength-temperature relationship, with 
the alpha alloys showing next in strength at elevated 
temperatures. The alpha alloys have roughly the same 
tensile strength as the aluminum-free alpha-beta alloys, 
but maintain it to higher temperatures. 

Long-time strength properties are of interest to the 
designer. Figure 7 compares tensile strength with creep 
strength for two titanium alloys. The alpha-beta alloy 
is shown to have better tensile strength than the alpha 
alloy through 1200 F, but its creep strength is less than 
that of the alpha alloy above 700 F. Alloys with beta 
additions generally seem to have better tensile prop- 
erties up to 800 F but not as good creep properties 
as alpha alloys. The alpha alloys, though lower in room- 
temperature strength than alpha-beta alloys. generally 
maintain their strength to higher temperatures better than 
beta-stabilized alloys. 


Applications 
Vacuum Tubes 


Since titanium shows lower grid emission than most 
other metals, it can be extremely useful in vacuum 
tubes. Miniature metal-ceramic electron tubes utilize the 
unique physical properties of titanium to perform in 
television receiver and electronic automation equipment. 
Other possible applications include mobile and indus- 
trial communications equipment, airborne and mobile 
radar. and guided missile and nuclear power controls. 
The first of these microminiature tubes to be released 
was the 6BY4 (Fig. 8) which uses commercia!ly-pure 
titanium for the anode, heater buttons, grid contact 
ring and cathode ring. 

The tube is 3/8 in. long and 5/16 in. diam. In addi- 
tion to compactness and light weight, the 6BY4 has 
high gain and low noise, particularly important to UHF- 
VHF tuners. The use of the metal-ceramic construction 
allows operating temperatures as high as 932 F. In 
addition, the tube is strongly resistant to impact shock 
and vibration. 

Titanium parts are principally used because once they 
have been degassed for a few minutes at 1300 F, no 
further gases are liberated. This is in sharp contrast 
to other metals which continue to give off gas upon 
each temperature increase up to their melting point. 
Also, titanium parts can be degassed at a temperature 
below that at which the oxide-coated cathode becomes 
active. Of equal importance is the fact that titanium’s 
coefficient of thermal expansion can be matched to the 
ceramic. 

In addition to these advantages, the metal performs 
its characteristic function as a getter. After the tube 
is sealed, the hot titanium parts not only do not give 
off any gas, but act as a sump for the remaining mole- 
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Fig. 4—Elevatedtemperature tensile strength of alpha-beta 
titanium alloys containing beta stabilizers (Battelle). 
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Fig. 5—Elevated-temperature tensile strength of alpha-beta 
alloys containing both alpha (aluminum) and beta (Mn, Mo, 
or V) stabilizers (Battelle). 
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Fig. 6—Elevated-temperature tensile strength of alpha titanium 
alloys. 


cules of oxygen and nitrogen in the tube. Thus the 
protected from damage by 
contaminating gases. Titanium in this application has 


aided in the development of a vacuum tube small in 


cathode and grid are 


size, with unusual properties. and rugged in construc. 
tion. 


Wiring 

Titanium and its alloys exhibit a range of electrical 
resistivity with increasing temperature. Figure 9 pre- 
sents this data for two grades of unalloyed titanium 
and four commercial titanium alloys. It can be seen 
that the electrical resistivity of unalloyed titanium in- 
creases significantly with increasing temperature. The 
alloy containing 6 per cent aluminum and 4 per cent 
vanadium, however, shows a relatively flat response. 
Such an alloy should find use as wiring for electrical 
equipment that operates at peak efficiency over a wide 
variety of temperatures. 


Anodizing Racks 


Titanium has found considerable use over the past 
few years in the form of wire for contact tips of alumi- 
num anodizing racks. It is also finding similar use in 
electropolishing and electroplating equipment. 

These uses followed the finding that titanium tended 
to polarize readily and form a thin protective film when 
anodized by direct current in 15 per cent sulfuric acid. 

The advantages of titanium as anodizing-rack contact 
tips contribute savings in two ways. The first advantage 
is that of significantly longer life than that afforded by 
other metals. Second, titanium is not affected by most 
of the solutions used in anodizing, and a nonconduct- 
ing film is not built up on the tips; the stripping opera- 
tion in each anodizing cycle is therefore eliminated. 
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Structural 


Titanium, with an exceptionally high strength-to- 
weight ratio, offers considerable promise for chassis 
and housings in airborne electrical equipment. This 
use is based on exactly the same considerations which 
cause titanium to be used structurally in airframe 
1200 members. Also, since it is nonmagnetic, it cannot in- 

terfere with operation of delicate electronic instruments. 

Fig. 7—Comparison of ultimate strength and creep strength A large potential for titanium in electrically-energized 
vs temperature for alpha and alpha-beta alloys. equipment is in high-speed rotating equipment. Since 
titanium alloys have strengths in the 160,000 psi to 

220,000 psi tensile range, it compares favorably with 

most alloy steels. Also, since the stresses in rotating 
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Fig. 9—Comparison of resistivities vs temperature for titanium and its commercial alloys. (Source: Rem-Cru Titanium, Inc.) 
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Fig. 10—-Weldable titanium alloys. 
parts are generally proportional to the density, this will 
allow simplification of design through lower operating 


stresses. 


Fabrication 
Machining 

The machining behavior of titanium resembles that 
of austenitic stainless steel. During cutting operations 
titanium does not form a built-up edge, which accounts 
for the characteristically good machined surface finish 
usually obtained with this metal. 

The absence of this stationary mass of metal ahead 
of the tool leaves the cutting edge naked to the direct 
abrading action of the chip. In addition, the plastic 
properties of titanium produce a high shear angle be- 
tween work and chip during cutting, resulting in a thin 
chip flowing at high velocity over the tool face in a 
small tool-chip contact area of high cutting pressures. 
These phenomena produce excessive heat on. or near, 
the cutting edge of the tool. especially since titanium 
heat-transfer characteristics are much poorer than those 
of other metals commonly machined. Complicating this 
picture is titanium’s strong chemical reactivity at cutting 
temperatures with tool materials, causing galling. weld- 
ing and smearing. The result is comparatively poor tool 
life and difficult cutting. However. machining difficulties 
have already been reduced considerably by keeping cut- 
ting temperatures at a minimum. This has been ac- 
complished by using low cutting speeds, heavy feeds. 
and large amounts of cutting fluids. Properly designed 
tools and rigid machines are necessary adjuncts for all 
titanium-machining operations. 


Welding 


One of the factors that determines the usefulness of a 
structural metal is its capacity to be welded into struc- 
tures which have sufficient strength, ductility and tough- 
ness to withstand service conditions. Commercially pure 
titanium and some alloys are satisfactory for practically 
all types of welding applications. 

One of the most important considerations in weld- 
ing titanium and its alloys is to minimize contamination 
of the molten weld metals and adjacent heated zones. 
Oxygen, nitrogen and hydrogen are among the chief 
impurities picked up in welding operations. These ele- 
ments have strong effects in lowering the ductility and 
toughness of titanium weldments, even when present 
in very small amounts. 

A number of welding processes limit contamination 
to an extent that they are satisfactory for titanium and 
its alloys. Included are the arc-welding process which 
uses inert-gas shielding to protect the welded joints 
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from contamination, and the spot-, seam-, flash- and 
pressure-welding procedures. With these processes, weld- 
ing procedures are similar to those used for other metals. 
The major difficulties are encountered in are-welding 
operations. Here, shielding is very critical and special 
backing fixtures and welding techniques are often re- 
quired to produce satisfactory weldments. 

Like most other structural metals, welded joints in 
high-purity and commercially-pure titanium are ductile, 
and arc-welded butt joints have properties similar to 
those of the base metals. 

The welding of titanium has been studied for several 
years and it has been proved that the metal can be 
welded with complete efficiency if proper attention is 
given to selection of weldable grades. Weldable grades 
are those ductile alloys that have weld zones of strengths 
equal to the base metal. Figure 10 charts some weldable 
alloys that are available as sheet or forgings and ex- 
trusions. These alloys are generally single phase. all 
alpha or all beta. Ti-6Al-4V is an alpha and beta alloy, 
however. and is being welded with considerable success 
by fusion welding and spot-welding techniques. 


Powder Metallurgy 

Although practically al! the initial experimental work 
on titanium was done by powder metallurgy, this is 
no longer the case. The Bureau of Mines, using powder 
metallurgy, determined many of the mechanical and 
physical properties of the metal. With the arrival of 
large-scale vacuum arc-melting of titanium and its alloys 
it was possible to use mass production techniques as 
used on other metals. Therefore. powder metallurgy 
was temporarily pushed into the background. Powder 
metallurgy is considered important because it utilizes 
materials efficiently and is helpful in starting fabrica- 
tion with billets or preforms made from powder. Further- 
more. the method is amenable to making unusual struc- 
tures, such as porous bodies or compositions not pos- 
sible by melting. 

There are two principal methods for making high 
density parts with good dynamic properties. The first 
is hot pressing and the other is press forming. The 
former is a consolidation method which combines com- 
paction and sintering operations at temperatures rang- 
ing from 850 to 1000 C. This method does not make 
a precision product with respect to dimensional toler- 
ances. Symmetrical shapes are preferred, but this is not 
a limitation. Hot pressing is best for making prototypes 
of large titanium parts, eliminating expensive tool steel 
dies for trial parts. 


Table Vi—Mechanical Properties of Several 
Titanium Alloys Made by Powder Metallurgy 





Yield Elongation Impact 
strength, inlin.(4D}, strength, 
psi per cent ft-lb 


Tensile 


Alloy strength, 


Room temp 50 
—40F 50 


Room temp 50 
—40F 44 


Room temp 40 
—40F 32 


Room temp 11 
—40F 8 


CrTr 2 40,000 30 


CPT 1A 55,000 27 


CPT 2A 65,000 20 


CPT 44AM 135,000 120,000 15 


CPT 64AV 140,000 


130,000 15 














Source: Clevite Research Center 
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Fig. 11 
formable in the soft condition and ageable to high strength. 


The second method is press forming, a combination 
of powder metallurgy and forming methods. It is gen- 
erally capable of greater utilization of materials than 
is hot pressing. Ratios as high as 1.2 lb of sponge to 
| lb of finished product have already been reached. 
However, tool steel dies are necessary for the forming 
operation and, to some degree, offset the advantage 
of high utilization of materials. 

Press forming is best in medium and long-run jobs 
because of the use of expensive dies. Its advantages 
are fast production, excellent utilization of materials and 
minimum finishing labor when close dimensional toler- 
ances are specified. These, of course, are some of the 
typical advantages in powder metallurgy parts. 

The mechanical properties of five typical alloys made 
by powder metallurgy are illustrated in Table VI. Alloy 
CP2 is a high purity unalloyed grade of titanium with 
excellent ductility, enabling it to be formed into rods, 
tubes and complicated extruded shapes at moderate 
temperatures with negligable contamination. 

CPT1A and CP2A are nominal 1 per cent and 2 per 
cent aluminum alloys designed to eliminate interstitial 
strengthening by oxygen, nitrogen and carbon. While 
most unalloyed grades which are hardened interstitially 
fall off in impact strength below room temperatures, 
these alloys retain high impact properties to —40 F. 

The CPT44AM alloy in Table VI, probably the most 
widely used of these alloys, contains 4 per cent alumi- 
num and 4 per cent manganese. Data in the table rep- 
resent the annealed condition, higher strengths being 
obtainable on heat treatment. The tensile data comply 
with most accepted specifications, which is also true 
for alloy CPT64AV containing 6 per cent aluminum 
and 4 per cent vanadium. 


Fiber-Reinforced Alloy Structures 


Since conventional alloying has been of limited use- 
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Overall view of some titanium base alloys. Formageable (trademark registration applied for by Crucible) signifies 


fulness in increasing the high-temperature strength of 
titanium, composite structures of titanium reinforced 
with refractory metal fibers were conceived as a possible 
solution to this problem. 

The use of a high-strength fiber to reinforce a lower- 
strength matrix has been successful in the plastics field. 
In the field of ceramics, investigations have also been 
pursued in the matter of reinforcement. The reinforce- 
ment of a metal matrix with metal fibers, however, is 
relatively new. It is felt that fiber reinforcement can 
not only offer a novel method for increasing the strength 
of titanium but that it is also well adapted to powder 
metallurgy techniques. 

In developing this further, composites were fabricated 
using either unalloyed titanium or the alloy Ti-Al-4V 
as a matrix and molybdenum wire as the reinforcing 
fiber. Molybdenum was selected because of its outstand- 
ing tensile strength and high modulus of elasticity at 
both room and elevated temperatures, and also because 
titanium and molybdenum show continuous solid solu- 
tion with no formation of brittle intermetallic 
pounds. 

Conventional powder metallurgy techniques were used 
to produce the composites formed from a blend of 
titanium powder and chopped molybdenum wire. 

Results of tensile tests under increasing heat condi- 
tions on unalloyed titanium reinforced with 10 and 20 
per cent of molybdenum fibers show an easily apparent 
increase in strength. The strength of the unreinforced 
material drops rapidly with rises in temperature where- 


com- 


(Continued on page 272) 
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Testing Component Linearity by 


The statistical method of least squares can be used to fill a long-standing need for a 


standard means of measuring linearity of various components in the transducer cate- 


vory. Its use can provide realistic results which are ‘curat esentation of the 
or’ s use ¢ rot istic results which are an accurate presentation of the 


component s merit and physical condition. 


IT HAS OFTEN BEEN POINTED OUT, in the testing of poten- 
tiometers and a-c transducers, that there is no set stand- 
ard for measuring linearity. The definitions of linearity 
as given by various specifications seem to follow no set 
pattern and often seem not to have a logical basis. In 
fact, it is not unusual to encounter a definition which 
defeats the purpose of determining linearity in that it 
presents a completely distorted view of an instrument’s 
capabilities. 

Some specifications state that linearity should be de- 
termined by the “best” straight line drawn through the 
data without suggesting any method of determining that 
line. Others state that maximum slope and minimum 
slope between any pair of adjacent points should be 
determined, with linearity based upon the difference be- 
tween the two, Still others call for the linearity to meet 
a certain percentage figure without telling how to evaluate 
it. It is the purpose of this article to present a standard- 
ized linearity measurement based on sound theoretical 
considerations. 

The method used to evaluate the capabilities of a trans- 
ducer at United Testing Laboratories is based upon the 
method of “least squares.” This method is completely 
familiar to statisticians, mathematicians, astronomers and 
others to whom the obtaining of the best possible results 
from a given set of data is important. Experience has 
shown that, with a very few exceptions, the method is 
almost unused in the electronic industry. A brief descrip- 
tion of the method and its theoretical basis is therefore 
in order. 

From the theory of probability comes the fact that, if 
a group of data follows a definite law (which may be 
linear, exponential, trigonometric, etc.), the data will 
best be represented by a curve which has least squares 
residuals when compared to the original. Thus, for exam- 
ple, if a potentiometer is required to have a sine-wave 
resistance curve, it is our task to find the solution to the 
equation y = sin (6+ a) so that, when compared with 
the original data, the deviations between the equation 
and the data are a minimum when squared and added 
together. Once this equation is determined, the “best” 
wave to represent the data according to the theory of 
probability has been found. 
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For a specific application it may be that a sine wave 
could be found which would better satisfy the data in a 
particular respect or over a particular region: however, it 
has been our experience that linearity determined by the 
least squares method is practically impossible to improve 
upon. This approach has the advantage not only of put- 
ting on sound theoretical ground the method itself, but 
also of representing the data in the most satisfactory 
manner possible. 

The main difficulty with the least squares method has 
heretofore been the fact that for a linear equation (the 
simplest type) two simultaneous linear equations must 
be solved. This process, of course, is time-consuming 
and hence costly. A method is available, however, which 
reduces the equations to be solved to single equations 
whose solution requires, in the case of linear equations. 
only simple division. 


Derivation of Equations 

A brief discussion of the derivation and use of the equa- 
tions for a linear output transducer follows. First, a solu- 
tion is assumed for the data. This solution is y = a + bx 
where y is the theoretical output of the transducer, x is 
the variable being measured (pressure, position, accelera- 
tion, etc.) and a and b are constants to be determined. 
The constant a is the intercept and b is the sensitivity. 
When the method of least squares is applied to this 
solution, two equations result. The derivation of these 
equations is relatively simple, but is beyond the scope 


Table of Typical Test Data 
on a Pressure Transducer 





Least squares| Error between 
calculated | observed and cal- 
output (Vv) | culated (per cent) 


Pressure Observed 
measured transducer 
(psi) | output (Vy) 


100 0.181 , 
200 0.335 ; 
300 , 

400 

500 

600 
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“Least Squares” 


RAYMOND D. MOORE 


Instrument Testing Supervisor 
Unirep Testinc LABORATORIES 
Monterey Park, California 


of this article and can be found in standard texts on 
statistical methods.* 
The two equations are 
Na + b3X => 
atX + br X?= TX} 
In these equations NV is the number of observed points, 
X is the variable that the transducer is measuring, Y is 
the actual output of the transducer for any given value 
of X, and a and b are as defined above. By a judicious 
choice of origin, the summation of X may be reduced to 


zero (for instance, choose values of X such as —2.5, 
1.5, —0.5, +0.5, +1.5, ete.) and the two equations 
will simplify to 
ZY 
a \ 
F =X} 
- 


The value =X? can be determined for any particular 
transducer which is tested repetitively or for any group 
of transducers tested according to the same procedure. 
The determination of the two quantities SY and SXY 
may be easily performed with a desk calculator. On some 
calculating machines both may be determined in one 
process, 

With experience it is possible to reduce the entire 
computation (including the comparison of the theoreti- 
cal equation with the observed data) in a matter of 
3 to 5 minutes. This compares favorably with the 
time required normally to plot the data and juggle a 
straight edge to find the “best” line possible. In addition, 
the results obtained are far superior. 


Typical Data 


To illustrate the type of results obtainable, test data 
for a typical transducer are tabulated (see Table). In 
this case, the specifications called for linearity to be de- 
termined by taking the maximum difference between 
two adjacent points and the minimum difference between 
two other adjacent points, subtracting the two and di- 
viding that difference by 2 and then multiplying the 


(on Elements of Statistical Method, Albert E. Waugh, McGraw-Hill, New York 
1943). 
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resuit by 100. Unfortunately, in the course of testing 
the transducer, the environmental conditions caused it 
to develop what was apparently a high spot on the wind- 
ing which seriously affected its linearity. Thus, the dif- 
ference of 0.111 between the readings for 500 and 600 
was a minimum and that of 0.154 between 100 and 200 
was a maximum so that the linearity was (0.154 — 
0.111) /2 « 100 — 2.1 per cent, an inferior figure of 
merit. 

Let us now compute the linearity by the least squares 
method. First. the measured values of Y are summed, 
giving 

ZY = 3.321 
Then, assuming values for X of —2.5, —1.5, —0.5, 
+0.5, +1.5 and +2.5, 
TXY = 2.5315 
and 
TX? = 17.5 


The values of a and b may now be calculated. 


b = 2AY _ 2.5315 _ 9 1447 
>X? 7.5 


The values of y can now be calculated from y—a+bx. 
These appear in the table. 

It can be seen that these values provide a smooth 
curve which immediately points out the bad spot but 
still gives a reasonable figure of merit for the rest of 
the potentiometer. Thus the least squares solution gives 
a realistic and factual analysis of the data. 

In addition to representing the data in the best man- 
ner, the least squares method has other important ad- 
vantages. In a typical test program a pressure transducer 
was found to be very linear. Equation after equation dis- 
closed that the sensitivity of the instrument did not change 
from one environmental test to the next. However, the 
various solutions did show that the intercept was changed 
significantly throughout the test program. The physical 
significance of this observation was that the spring ten- 
sion arrangement actuating the wiper arm was not 
damaged under environmental testing but the wiper 
arm itself was subject to bending. This type of informa- 
tion, of great value to the manufacturer, would not 
normally be disclosed by casual examination of the data 
or by attempting to fit a line to it by relatively inaccurate 
means. 

Another valuable facet of the least squares method is 
that transducers which have accuracies of the order of 
0.5 per cent or better are readily represented in the best 
possible manner. 

For the reasons noted here, United Testing Labora- 
tories have made it their policy to employ this type of 
solution in testing any transducer unless some other 
method is required by the specifications. Experience has 
shown that the best results are obtained using the least 
squares method and that any malfunction of the trans- 
ducer is more readily apparent and can be more easily 
pinpointed. It is believed that the univeral adoption of 
this system would result in a more realistic approach to 
the problem of determining the worth of a given in- 
strument and, most importantly, would allow manu- 
facturers and test organizations to know precisely what 
is intended when the term linearity is used. O00 
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Purged Enclosures for 
Hazardous Atmospheres 


Electrical control enclosures for explosive 
or inflammable atmospheres need not be 
costly explosion-proof or pressurized in- 
ert-gas designs. By piping the output of 
a remotely mounted centrifugal blower to 
maintain a slight positive pressure within 
the enclosure. NEMA 12 gasketed-door 
designs constructed of No. 10 gage steel 


may be adequate. 


HAZEN C. PRATT* 

Chief Engineer 

HorrMAN ENGINEERING CORPORATION 
Anoka, Minnesota 


PURGED ENCLOSURES originated in England about fifteen 
years ago and have become widely used in Europe 
wherever inflammable or explosive dust or gases could 
be ignited by the arcing of electrical contacts. The purged 
enclosure was slow in spreading to the United States 
but has been adopted by several large industrial con- 
cerns under the supervision and with the approval of 
insurance inspectors. 

Purging Principle. In a purged enclosure. the en- 


*Mr. Pratt recently passed away. 


Two-door purged enclosure of NEMA 12 design, incorporating electrical and pneu- 
matic controls, built by the Hoffman Engineering Corporation for a solvent-vapor 
hazard location of the Minnesota Mining and Manufacturing Co. Arrows point to (A) 
pressure-actuated switch that shuts down control upon loss of pressure and (B) 
bypass switch—one for each door—which can be pulled forward to maintain operation 
with doors open if hazardous gases are not present. Threaded holes are for electrical 
conduit and low-pressure air piping from remotely mounted centrifugal blower. 
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closure is filled with clean air under a slight positive 
pressure piped from a source well removed from possi- 
ble contamination. The doors must be gasketed, but 
the enclosure is not completely sealed to be gas or air 
tight. In fact, some small leaks are desirable to ensure 
a change of air within the enclosure right after the 
doors have been closed to remove any hazardous gases 
remaining within. Interlocks should be provided to keep 
the control circuit de-energized for 3 min during this 
initial purging period to ensure that any trapped gas has 
been expelled. 

Pressure is maintained as long as the internal electrical 
controls are in operation. Suitable protective devices, 
of course, must be provided to ensure shut-down of 
electrical controls upon failure of the purging system. 

Air Supply. Maintaining an adequate supply of clean 
air is essential. Connecting through a reducing valve 
to a plant high-pressure air system is not recommended. 
The supply of air is not adequate and the reducing 
valve might be tampered with or incorrectly adjusted. 
An adequate supply of air can, however, be secured 
quite simply with a_ small centrifugal 
blower. Due to its design, a centrifugal blower cannot 


motor-driven 


build up pressure beyond safe limits for the enclosure 
structure. 

Enclosure Structure. Using pressures only slightly 
higher than the surrounding atmosphere, purged en- 
closures need not be of unusually strong construction, 
such as the “explosion-proof” type of construction, 
which, in the larger sizes, may require walls of steel 
or cast iron more than | in. thick, or the high-pressure 
inert-gas enclosure whose walls must be strengthened 
to withstand this pressure. For purged enclosures, dust- 
tight sheet-steel construction with welded seams and 
gasketed doors has been found strong enough. No. 10 
gage steel has been adequate for even large two-door 
enclosures. 

Case History. The Minnesota Mining and Manufac- 
turing Company is installing purged systems using 
NEMA 12 gasketed-door enclosures of the Hoffman 
standard design except that for this use, enclosures 32 
in. or more wide are constructed of No. 10 gage steel 
(instead of No. 12 or 14). Conduit runs are rigid metal 
with threaded explosion-proof joints (as required for 
Class 1, Group D hazardous locations). Sealing com- 
pound is poured into approved sealing fixtures located 
within 18 in. of the enclosure to fill the void around 
the wires. The compound is difficult to remove after 
it sets, so each conduit is first filled to capacity with 
spare wires for future use. 

The blowers used range from 1% to 4% hp, depending 
upon enclosure size. A 4%4-hp motor-driven blower dis- 
charging 90 cu ft per min against a 6-in. head of water 
serves an enclosure 84 x 38 x 12 in. Each blower has 
an air filter on the intake side and a 2-in. discharge 
opening connected to the enclosure by 2-in. pipe. Each 
enclosure has its own blower (one blower may suffice 
for two or more control enclosures used for the same 
machine). Explosion-proof blower motors are used in 
possibly hazardous areas. The blowers are all started 
from a common locking-type selector switch. 

The pressure maintained in various enclosures ranges 
from 3 to 6 in. of water. Pressures in excess of 8 in. 
may cause leaks through the gaskets, although these 
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A Note of Caution 


PURGED ENCLOSURES may be economically attrac- 
tive for many applications where they are not 
now used. The publication of this article does not, 
however, indicate that purged enclosures are ap- 
proved generally. 

The National Electrical Code 
purged enclosures in the first fine-print note of 
Section 5001: 

“_. . In some cases, hazards may be reduced or 
hazardous areas limited by adequate positive- 
pressure ventilation from a source of clean air 
in conjunction with effective safeguards against 
ventilation failure. It is recommended that the 
authority enforcing the code be consulted before 
such layouts are prepared .. .” 

This last is important. For example, one par- 
ticular insurance association reports: “While we 
have in a very limited number of cases accepted 
a purged enclosure, we definitely do not give a 
blanket approval for this type of equipment and 
accept its use only when Class 1, Group D equip- 
ment is not available and can not be produced.” 

This article is being published primarily to 
present the practical aspects of purged-enclosure 
design. The pros and cons of purged systems, as 
we see it, are matters for the end users and code- 


does recognize 


enforcing authorities to resolve. 


Epiror 


leaks disappear when pressure is dropped to 6 or 7 in. 

Each enclosure has an externally-mounted mechanical 
pressure gage and a pressure-actuated switch to energize 
the control relays after the doors are closed and the pres- 
sure inside reaches 2 in. of water. Thereafter, if the pres- 
sure drops to 1.8 in., a timing relay will trip the control 
relays after a 30-sec interval and break the power circuit. 
The 30-sec delay makes it possible to open the doors and 
operate a bypass switch to maintain operation (avoiding 
costly interruption in a continuous manufacturing proc- 
ess) if a “snifter” gas detector test shows no hazard from 
explosive or inflammable gases in the vicinity. This by- 
pass is a maintained-contact design and interlocked with 
one of the doors so it will be reset automatically when 
the door is closed. 

The pressure-actuated switch is generally located in- 
side the enclosure but must have an independent source 
of power. Since the pressure-switch circuit will be “hot” 
even when the doors are open, the switch and all wiring 
to it, both inside and outside the enclosure, must meet 
explosion-proof standards, as should the bypass switch. 
The pressure switch should have both high and low pres- 
sure ports when mounted inside the enclosure; when 
mounted outside the enclosure, only high pressure ports 
are required. 

The gas detector is a portable indicating instrument 
actuated by a resistance bridge. One leg is a platinum 
wire coated with a catalytic material. Inflammable gas, 
if present, will be ignited by the hot platinum wire (after 
being sucked into a flame-proof chamber) to change 
the wire resistance. 

(Continued on page 286) 
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New Heating Element 
Made of Fiber Glass 


F. C. LIVINGSTONE 
London, England 


A NEW ELECTRIC HEATING ELEMENT, 
made of glass fiber, has been developed 
which is claimed to be free of the han- 
dicaps imposed on conventional elec- 
trical elements made of resistance wire. 
With conventional elements, heat is 
radiated from the glowing resistance 
wire by means of an air current created 
by a fan or convection, or by transfer- 
ring it to other media such as oil or 
water. These methods, besides necessar- 
ily involving a loss of thermal efficiency, 
also mean that the element is far too 
hot to touch with safety. 

The new glass fabric element has 
been given the name “Mhoglas,” de- 
rived from the words “ohm” (spelt 
backwards) and “glass.” Mhoglas was 
developed as a result of an investiga- 
tion into the possibility of heating sur- 
face areas evenly, at comparatively low 
temperatures ranging from a few de- 
grees above normal ambient tempera- 
ture up to approximately 200 C, and 
using a potential of from 2 to 3 volts 
up to line voltage. 

It was at once obvious that metals 
could not be used (particularly at 240 
volts) as the resistivity, even of resist- 
ance metals, is far too low for them to 
be used as foils or closely woven mesh. 
There was little choice of resistance 
materials other than metals, and graph- 
ite, among the semi-conductors, natur- 
ally became the first choice. 

The problem was to deposit a coat 
of pure graphite onto a suitable base 
in such a manner that it would be, for 
all practical purposes, a continuous and 
perfectly even layer which would not 
fracture or flake with flexing. 

Glass fabric was therefore chosen as 
the base because it is composed of 
woven yarns built up from exception- 
ally fine drawn and continuous mono- 
filaments. Each individual filament was 
evenly coated with pure graphite in as 
near a colloidal state as is possible in 
a dry substance. 

Variations in resistance (expressed 
in ohms per unit square) are attained 
by varying the number of coatings of 
graphite on the glass fabric. The over- 
all thickness of the deposit, even for 
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Fig. 1—A strip of the new “Mhoglas” 
glass fiber heating element. 


Fig. 2—A ram air intake made of Mho- 
glas for aircraft de-icing equipment. 


resistances as low as 7 ohms per square. 
is of micro dimensions. Normally, ele- 
ments are made in resistances of from 
6 to 100 ohms per square, and although 
in special cases these limits can be 
exceeded, in practice most requirements 
for elements can be met from standard 


resistances by variations in contacting. 
By means of sprayed metal contacting 
(series or parallel), very high or low 
resistances can be obtained, as well as 
three-phase connecting and sprayed cir- 
cuiting. 

After processing, the element is treat- 
ed with one of a selection of thermo- 
hardening resins to protect the delicate 
deposits of pure graphite. This resin is 
selected to suit the use to which the 
element is to be put, its operating tem- 
perature, or a combination of these re- 
quirements. Resins of the epoxy type 
have normally been found to be most 
satisfactory. The resin coating is the 
limiting factor as regards the tempera- 
ture at which the element may be run, 
but the resin decomposition tempera- 
ture may be greatly exceeded for runs 
of an intermittent nature. 

Although the resin coating does un- 
fortunately restrict the maximum work- 
ing temperature of Mhoglas elements, 
it undoubtedly endows them with many 
advantages: notably, the ease with which 
the element may be used in potting 
techniques and laminating processes 
and subsequently cured with or without 
pressure. by hot or cold methods, while 
having no effect on the original resist- 
ance of the element. 

Furthermore, the element has the 
rather high negative temperature coef- 
ficient of resistivity characteristic of 
carbon or graphite and this causes a 
lowering of resistance with increase of 
heat, as distinct from the opposite be- 


Fig. 3—Free-standing heating unit made of Mhoglas. 
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Fig. 4—Cross-section diagram shows struc- 
tural arrangement of a Mhoglas heating 
panel. 


havior of metals. This may be regarded, 
however, as an asset rather than a draw- 
back since it follows that in an element 
designed to work at 150 C—at which 
temperature approximately 20 per cent 
lowering of resistance would occur—an 
overload of the same order would not 
add to the strain although the voltage 
would have to be lowered as soon as 


the temperature reached the maximum. 
Mhoglas products may therefore be 
designed with a “quick heat up” and a 


thermostat to control temperature; 
peak current does not occur at “switch 
on,” as it does in metallic elements, 
but when the full load is on, thereby 
reducing thermal shock effect and ren- 
dering superfluous the test bed “inter- 
mittent switching” test. 

Mhoglas is made in continuous 
lengths 12 in. wide (Fig. 1) and in 
standard 36 or 48 in. lengths, or as 
a completed element with sprayed 
metal contacts. This flat form may be 
curved to a minimum radius of 1 in. 
during incorporation in a finished prod- 
uct, but a radius of 14 in. can be pro- 
duced during manufacture of the ele- 
ment, 

Mhoglas elements have been in use 
for some time to combat aircraft icing 
(Fig. 2) and problems involved in high 
altitude flying; the knowledge thus 
gained has been put to use in the do- 
mestic, industrial, and agricultural 
fields. An example is the heated wall 
panel where a Mhoglas element is lam- 
inated between two fabric sheets and an 
even temperature, widely diffused, is 
produced by a heat output equal to 
that of a high-temperature, highly lo- 
calized metallic element. 

Because of its safety, the total ab- 
sence of hot spots, and a temperature 
below the softening point of its adjac- 


OCTOBER 1958 


ent plastic. the range of Mhoglas do- 
mestic appliances is likely to become 
very wide. An example of this is to be 
had in free-standing heating units 
(Figs. 3 and 4) which can be used in 
complete safety in where 
young children might brush 
against them. Because of the compara- 
tively low temperature of the Mhoglas 
elements, there is no risk of burns or 
of clothing catching fire. 

In industry, the element is placed 
beneath the surface of many heating 
and forming tools and the evenness of 
the resultant face temperature is inval- 
uable where small temperature changes 
might produce major alterations in ma- 
terial characteristics. 

Mhoglas has been developed and is 
being made by a subsidiary of the 
Hunting Aircraft Co., Luton, England, 
who have already made extensive use 
of the invention for de-icing applica- 
tions in the aircraft they produce. 

OOO 
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Drives for 
Light Milling Machines 


PROGRESSIVE ROUNDING oOuT of a line of 
light, vertical-spindle milling machines 
for toolroom use by the Cincinnati 
Milling Machine Co. focuses attention 
on drive problems, since column, knee, 
saddle and table are the same for all 
models. These overarm machines, 
Fig. 1, have the drive motor incor- 
porated in the arm to permit independ- 
ent horizontal head motion. In_ the 
Models 1A and 1B Toolmasters, which 


Fig. 1—Cincinnati Toolmaster Style 1B 
milling machine with pancake-motor 
spindle drive and power feed to quill. 


Fig. 2—Preparing to disassemble pancake 
motor and stepped belt sheave. 


Fig. 3—Head of Model 1D miller with 
variable-pitch pulley V-belt drive. 


differ only in having manual and power 
quill feeds, a combination of a stepped 
V-belt and tooth belt give 
eight spindle speeds obtained by shift- 
ing each of the belts manually. To keep 
the overall height of the machine down, 
a pancake type motor, Fig. 2, is em- 
ployed in 34- and 1-hp sizes. 

Later, when the Model 1D was in- 
troduced, Fig. 3, the pancake motor 
was maintained, but in a larger size— 
1144 hp. This model has a single belt, 
variable-pitch pulley sheave arrange- 
ment, giving a stepless speed range 
from 100 to 3800 rpm. It is totally en- 
closed. 

For the 2-hp size, Model 1C, a built- 
in motor with gearhead is used in a 
rectangular overarm. Eight spindle 
speeds, ranging from 100 to 1530 rpm, 
are obtained by manual settings of 
three levers on the side of the box arm. 

In all four models, simplification of 
spindle reversal by elimination of a 
reverse gear arrangement is obtained 
through electrical means. A drum-type 
reversal switch accomplishes this func- 
tion, and it is mounted beside the mo- 
tor, Fig. 4. Starting and stopping is by 
push-button switch, panel-mounted on 
the side of the column. Main electrical 


stepped 
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Fig. 4—Drum-type spindle reverse switch. 


control panel assembly, Fig. 5, is 
mounted within the same column at 
the rear. It contains manual disconnect 
switch, control transformer for the PB 
switch circuit, starter and separately 
mounted overload trips. All wiring is 
tied into terminal blocks. 

Optionally, a power table feed motor 
and a coolant pump motor can be sup- 
plied, controlled through the same 
starter as used for the spindle motor, 
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Fig. 5—Electrical panel at rear of ma- 
chine conforms to Machine Tool Electri- 
cal Standards. 


but with independent overload trips 
and selector switches. An optional 1- 
hp auxiliary shaper motor can be con- 


~ £ 


trolled in the same way. C 





High-Acceleration Servo Clutch 


A NEW ELECTROMAGNETIC CLUTCH, Fig. 


1, is a compact unit designed for use as 
a servo drive where accelerations are 
required in excess of those normally 
available from an electric motor. De- 
veloped by Air Trainers Link Co., 
Aylesbury, Buckinghamshire, England, 
the ability of the clutch to make 
use of the stored inertia energy of the 
constant-speed drive motor make it an 
alternative to a small hydraulic system. 


Two identical diaphragm-supported 
clutch plates of magnetic material are 
mounted on the output shaft, Fig. 2. 
Opposite each plate and rotating about 
the same axis as the output shaft is a 
drive member carrying a friction sur- 
face and forming part of a magnetic 
circuit. These members are 
rotated in opposite directions by the 
magnetic flux transmitted to the drive 
members across a small air gap. Thus 


drive 


Fig. 1 (above)—Electromagnetic clutch with tachometer gen- 
erator, Air Trainers Link Co., Aylesbury, Buckinghamshire, 
England. Fig. 2 (right)—Basie clutch unit, cover removed. 
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the direction and speed of rotation of 
the output shaft can be controlled by 
energizing the appropriate coil to at- 
tain the required drive torque. The in- 
put shaft is normally driven by a con- 
stant-speed motor; for example, 3000 
rpm, which corresponds to an output 
speed of 1000 rpm. The clutch can 
transmit approximately 0.03 hp. A d-c 
tachometer generator is usually re- 
quired, and is available attached di- 
rectly to the clutch unit. It may be used 
to control the gain of a single-ended 
output drive amplifier. The clutch may 
be polarized by the use of rectifiers to 
obtain bi-directional control. Perform- 
ance figures for a standard clutch unit 
with tachometer generator are as fol- 
lows: 


2 lb-in. at 25 ma 
control coil cur- 


Output torque 


rent 
10.000 —i radians 
sec” at 25 ma con- 


Acceleration 


trol coil current 
and zero output 
load 


Load friction is not to exceed 0.13 
lb-in and inertia is not to exceed 0.10 
lb-in. If these values are not exceeded, 
acceleration is not less than 3000 
radians /sec? with 25 ma control coil 
current. 

Bi-directional control of the clutch 
windings may be obtained by feeding 
each side through a rectifier connected 
with opposite polarity, Fig. 3. One 
clutch winding responds to a positive 
output from the amplifier and the other 
to a negative. When a d-c input signal 
is applied, the amplifier gives an output 
of appropriate polarity and one side of 
the clutch is engaged. The clutch out- 
put shaft then drives the center-tapped 
potentiometer in the correct direction 
until the slider voltage is equal and 
opposite in polarity to the input signal. 
The clutch then disengages. Amplifier 
gain is adjusted by a conventional d-c 
feedback arrangement and should be 
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Fig. 3 


set as high as possible consistent with 
stability. The tachometer generator 


feedback control is used to adjust the 
main velocity feedback voltage and this 


Circuit for clutch control, using single-ended amplifier. 


is supplemented by the resistance- 
capacity network which adds an ac- 
celeration term to improve the control 
accuracy. O00 





Optical 


A PARAMOUNT PROBLEM in the man- 
ufacture of any precision angle-meas- 
uring instrument is to keep the meas- 
uring dial centered on the axis of ro- 
tation. Regardless of how accurate a 
measuring dial may be, an error in 
measurement will occur if the dial is 


Fig. 1—The “Optisyn” shaft angle indicator, Dynamics Research 


Corp., Woburn, Mass. (Patents pending.) 
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Indicator for Shaft Angle 


not accurately centered. In the manu- 
facture of the more precise angle 
measuring instruments, the centering 
problem is recognized as insurmount- 
able. The resulting error is eliminated 
by taking the arithmetic average of 
two dial readings at diametrically op- 


posite ends of the dial. In the Dy- 
namics Research Corporation Optisyn, 
Fig. 1, this averaging is done elec- 
trically by placing the two photo- 
diodes of each circuit at opposite ends 
of the dial. By counting the number 
of crossings of the two wave forms, 
digital logic may follow bi-directional 
motion of the input shaft. The analog 
output of the wave forms may also 
be used in either completely analog 
systems or hybrid analog-digital sys- 
tems. 

The Optisyn utilizes two transpar- 
ent disks having photographic patterns 
of alternately opaque and clear sec- 
tors, Fig. 2. One disk has one more 
opaque and transparent sector than 
the other, resulting in an interference 
pattern. Both disks are mounted con- 
centric to the Optisyn axis of rotation 
with one disk fixed to the case and 
the other mounted on the input shaft. 
In the standard two-phase Optisyn, 
four lamps are located in quadrature 
on one side of the disks, Fig. 3. Four 
corresponding  phototransistors are 
mounted in alignment on the other 
side. In operation the lamps transmit 
light through the interfering disk 
patterns to the phototransistor. For a 
given relative orientation of the disks 
a minimum of light will be transmitted 
in one region around the disk circum- 
ference. At 90 deg either side of this 
region of minimum light the clear 
sectors will be half open and at 180 
deg the clear sectors will be aligned 
and completely open for maximum 
transmission of light. If the Optisyn 
shaft is rotated by an amount equal 
to one sector angle, the dark and 
light transmission regions rotate 180 


Fig. 2—Photographic patterns on two transparent disks pro- 


vide vernier effect for shaft angle signal. 
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deg. A full rotation of the movable 
disk causes the dark and light pat- 
terns to rotate n times, n being the 
number of opaque lines on the rotat- 
ing disk. The optical light pattern is 
thus “optically geared” to the input 
shaft with the magnification ratio of n. 

Use of a d-c supply will generate 
a d-c waveform of triangular shape. 
A binary value may be interpreted by 
reading the polarity of the waveform. 
Use of an a-c supply will produce 
the same waveform in modulated form. 
This signal is similar to that of an 
ordinary synchro except that the modu- 
lated envelope is triangular rather 
than sinusoidal, and occurs n times 
per revolution rather than only once. 
A binary value may be interpreted by 
a reversal in phase of the waveform. 

Considering the simplicity of the ar- 
rangement, considerable stability is 
gained, especially at the critical null 
voltage. Inasmuch as the phototran- 
sistors are matched, the null voltage 
remains true in event of supply volt- 
age change, temperature change, mi- 
nority carrier storage, and eccentric 
positioning of either or both disks on 
the axis of rotation. The latter is par- 
ticularly significant since positioning 
of the disks, rather than the accuracy 
of the photograph, is the limiting fac- 
tor in the accuracy of optical con- 
verters. Since carrier storage occurs 
symmetrically in the transistors, a 
higher operating frequency is possible. 
Using a d-c supply, waveforms have 
been generated which would count the 
null crossings in excess of a mega- 
cycle rate. 

Numerous applications are possible 
with the Optisyn. The effect of multi- 
phase synchros is obtained by spacing 
other transistor pairs angularly along 
the track. A two-phase output may 
be fed to a digital counter to accu- 
mulate the net shaft angle. This ar- 
rangement gives 4n increments per 
revolution. If the transistor-lamp as- 
sembly is servoed to rotate in such 
a manner as to maintain the output 
voltage at null, the assembly will ro- 


High-speed, torque-sensitive, lead screw tapping machine can handle all standard 
thread pitches between 32 and 120 threads per in. in tap sizes 000 through 10. 


tate n times as fast as the rotating 
disk where n may be large, as a gear 
ratio. 

A highly accurate tachometer, es- 
pecially for very low shaft speeds, 
may be obtained by converting the 
frequency of the output waveform to 
rpm. Such applications require no 
gearing and present a minimum of 
inertia and friction load, mechanical 
wear and space requirements and offer 
a maximum of operating speed with 
angular accuracy. 


Characteristics of the Optisyn 





Resolution + 7.5 min 
Maximum rota- 
tion rate 
Vibration rating 
Diameter 
Length 
Shaft diameter 
Input 


3000 rpm 

50 to 500 cps at 10 g 

2% in. 

1%6 in. 

14 in. nominal 

6 volts d-c nominal at 
700 ma 

Output 6 volts 

Maximum read- 
out rate 100,000 pulses/sec 
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Fig. 3—Optisyn and associated circuit elements. 
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Tapping Machine 
Has Torque Adjustment 


WESLEY B. MILLER 
MILMAN ENGINEERING Co. 
Los Angeles, Calif. 


MAXIMUM TORQUE delivered to the tap 
of the Milman Multiple Pitch Auto- 
matic Lead Screw Tapping Machine 
may be preset by means of an adjust- 
able friction clutch drive between the 
motor and the tap shaft. When setting 
up to do a job, a sharp tap is used 
and the friction clutch is adjusted 
until the tap cuts. As the tap begins to 
dull or if it should bottom or become 
too heavily obstructed with chips, the 
clutch slips, eliminating the possibility 
of a broken tap. 

Driven by a series-wound, instanta- 
neously reversible 110-volt, 14-hp, a-c 
motor, the speed of the machine is in- 
finitely variable and, depending on the 
length of the stroke and the pitch being 
cut, will operate at as high as 3000 
cycles per hour. Using one master lead 
screw, it will tap all standard thread 
pitches between 32 and 120 threads per 
in. with tap sizes 0 through 10. Pitch 
change can be accomplished with 
simple change gears in about 90 sec. 
The stroke, or advance of the tap, is 
adjustable from 1% to 2 in. 

The automatic cycle of the machine’s 
operation is controlled by a _ foot 
switch or a panel push-button. Opera- 
tion of either set of controls starts the 
tapping cycle, which consists of down, 
reverse, up, and _ brake-to-stop. The 
cycle may be reversed at any point of 
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the down movement by the operator. 
The motor drives a cork-faced friction 
clutch assembly through a 5-to-1 cog- 
ged-belt reduction. Clutch pressure is 
adjusted by a compression spring be- 
tween the lower clutch plate and a 
threaded nut engaging the lower por- 
tion of the clutch body. The clutch 
friction adjustment may be _ varied 
from the point where slippage occurs 
before a 000-120 tap will cut to where 
the machine will drive a 10-32 tap 
through a tap-drilled hole in % in. 
stainless steel plate. 

The master lead screw attached to 
the tap shaft rotates inside a threaded 
nut which has two concentric gears 
fastened to it. Parallel to the tap shaft 
is the clutch shaft on which is mounted 


a two-gear cluster which can slide into 
engagement with either of the two 
gears on the threaded nut or be dis- 
engaged in a neutral position. The 
threaded nut can thus be driven at 
definite rates of rotation with respect 
to the tap shaft. At the upper ends of 
the tap and clutch shafts are two 
change gears which can be replaced 
to give different rates of rotation of the 
tap shaft. A cam located between the 
lead screw and the upper bearing of 
the tap shaft actuates two limit 
switches which determine the upper 
and lower limits of tap shaft transla- 
tion during a tapping cycle. The limit 
switches may be adjusted to give tap 
shaft stroke from 14 to 2 in. O0Oo 





Zero Distortion in A-C Regulator 


CONTROL AND MEASUREMENT in indus- 
trial equipment have made stable sup- 
ply voltages increasingly important for 
accuracy and reliable performance of 
machines and processes. A new a-c 
line voltage regulator, Fig. 1, is de- 
signed for flexible installation. It can 
be used as an independent unit or as 
a component with the controls incor- 
porated in an apparatus panel and the 
regulator elements installed in any 
convenient location. 

The regulator utilizes a variable 
transformer as the power element, thus 
eliminating wave-shape distortion or- 
dinarily resulting from voltage-regula- 
tion systems, and a low-maintenance 
transistorized control circuit, Fig. 2. 
The transformer is wound so that the 


required operating voltages may be 
readily selected. The windings are con- 
nected so that necessary buck and 
boost voltages are obtained from the 
one power element, giving a large 
power handling capacity in a small 
space. The rugged brush contact moves 
at a relatively slow speed, compared 
to rotating equipment, so that brush 
maintenance requirements are virtually 
non-existent. The rated accuracy of the 
regulator is +1 per cent for all condi- 
tions of line voltage and frequency and 
for loads and power factors within 
the rating of the regulator. The stabil- 
ization range is 108-137 volts for an 
output of 120 volts, and 228-256 volts 
for 240 volts output. Current rating 
is 35 amp at any voltage setting. Speed 


of response is 0.1 sec per volt devi- 
ation from nominal, and efficiency is 
99 per cent. No-load current require- 
ments are insignificant, which is an 
unusual feature for regulators. The 
plug-in control unit shown mounted on 
the top of the regulator is readily 
replaced or removed for servicing, and 
may be located remotely from the 
power unit in a control system. 
O00 


Constant-Torque Spring 
Resets 
Electric Timer 


CONTROLLING RESET TIME within pre- 
scribed limits proved to be more of a 
problem than controlling the actual 
time-delay interval in the design of an 
electric delay timer by Haydon Manu- 
facturing Co. Specifications called for 
a mechanical spring motor to reset the 
timer in not less than 3 and not more 
than 9 sec. A conventional clock spring 
was first considered, but one capable 
of delivering the 2-0z force required 
to trip the switch at rundown operated 
too fast, and one which operated within 
the specified time limits was unable 
to produce sufficient switching power 
at rundown. 

The solution was a small Neg’ator 
constant-torque motor manufactured by 
the Hunter Spring Co., Lansdale, Pa. 
The constant output torque character- 
istic of this spring motor insured that 
sufficient force would always be avail- 
able to trip the switches, even at full 
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Fig. 1—The new Stabiline automatic voltage regulator of The 


Superior Electric Co., Bristol, Conn, 
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Tronsistor control circuit 


Fig. 2—Circuit of voltage regulator. 
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Neg ator 


Timer with Neg’ator spring for re-set. 


rundown. Because the spring operates 
at the same torque level throughout 
rundown it does not accelerate exces- 
sively during operation and could be 
designed to operate reliably with a 
controlled reset time of 4.5 sec, well 
within requirements. 

To permit ganging of two switches 
illustration), the 
spring motor was designed to provide 5 
oz of force at rundown. When the elec- 
trical timing motor and magnetic clutch 
are energized they drive the larger 
diameter output bushing and the lever 
mounted on its axle counter-clockwise, 
winding the spring on the bushing. 
After the preset time interval, as 
determined by the electric timing mo- 
tor, the lever throws the toggle switch- 
es. and the timer holds this position 
until its magnetic clutch is deener- 
gized. When the clutch is deenergized 
the spring released. The 
spring returns to the smaller take-up 
bushing and. in so doing, exerts con- 
stant force at the periphery of the 
output bushing, causing it and the 
lever to rotate clockwise. About 4.5 sec 
later the lever has returned to the 
position tripping the toggle 
switches and stopping the spring mo- 
tor. The timer is now reset. OOO 
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Fig. 1—During normal level flight, the 
upper and lower trays of shock mount 
system are parallel as required. 
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Air-Borne Shock Mount 
Uses Torsion Bars 


GYROSCOPIC INSTRUMENTS for aircraft 
applications cannot normally be iso- 
lated physically in the same manner 
as that used for other airborne instru- 
ments and controls. Special techniques 
are required because a gyroscope is an 
instrument whose usefulness stems 
from its ability to sense its own rota- 
tional displacement from a fixed refer- 
ence position. When a gyroscope is 
secured to the upper tray of a conven- 
tional shock mounting system, it tracks 
the upper tray (Fig. 1) and not the 
air frame. Any relative rotation be- 
tween the upper and lower trays in- 
troduces a corresponding error in the 
control or indicating system to which 
the gyro is connected (Fig. 2). To 
minimize or overcome these adverse 
effects, it is necessary to devise a sys- 


Resilient isolator 


tem that will restrict roll, pitch or yaw 
of the upper tray with respect to the 
lower tray at the same time that it 
effectively isolates the gyro from shock 
and _ vibration. 

Through the joint efforts of Federal 
Shock Mount Corp. and Lear, Inc., a 
new method of shock mounting, utiliz- 
ing the positive action of rigid torsion 
bars to provide maximum returnability, 
has heen developed. On the Federal 
Gyro Mount, Fig. 3, one torsion bar 
controls relative movement between 
trays due to pitch, the other controls 
relative movement due to roll. When 
the aircraft is in smooth level flight, 
the upper tray is parallel to the lower 
and the torsion bars are not used. 
Their affect the 
efficiency of the vibration control sys- 
tem. 

When the aircraft goes into a climb 
or turn, the weight of the gyro shifts, 
thus changing the loading and deflec- 


presence does not 


Torsion bar controlling roll 


Damper element 


Torsion boar controlling pitch 


Fig. 3 


Fig. 2—Error is introduced into gyro 
system due to rotation of trays when air- 
craft goes into climb, dive, or turn with 
no torsion bars on shock mount. 


Cutaway view of shock mount showing torsion bars. 


Fig. 4—Torsion bars keep mounting trays 
virtually parallel during climb, dive or 
turn and gyro remains properly oriented 
with respect to air frame. 
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POWER SUPPLIES 
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SC- 36-1 


0-36 
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0-36 


0-2 


.02 


342” 
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0-0.5 


15 
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36-72 


0-1 


.08 


342” 


for the most complete line of POWER SUPPLIES 


oh” 


Model SC-18-2-M 


*Two units mounted in 
Rack Adapter RA-2 
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Patent Pending 


(TUBELESS) 


TRANSISTORIZED 


SHORT CIRCUIT PROTECTED 


REGULATION: 0.1% for line changes 105-125 volts 
at any output voltage in the range minimum to maxi- 
mum. 


0.1% or 0.003 volt for load changes 0 to maximum 
(whichever is greater) at any output voltage in the 
range minimum to maximum. 


RIPPLE: 1 mv. RMS. 
RECOVERY TIME: 50 microseconds. 


STABILITY: (for 8 hours) 0.1% or 0.003 volt (which. 
ever is greater). 


AMBIENT OPERATING TEMPERATURE: 50°C maximum. 
Over-temperature protection provided. Unit turns off 
when over-temperature occurs. Power-on-off switch 
on front panel resets unit. 


TEMPERATURE COEFFICIENT: Output voltage changes 
less than 0.05% per °C. 


SHORT CIRCUIT PROTECTION: No fuses, circuit 
breakers or relays! Designed to operate continuously 
into a short circuit. Returns instantly to operating 
voltage when overload is removed. Ideal for lighting 
lamps and charging capacitive loads. 


OVER-CURRENT CONTROL: Can be set from 0 to 


120% of full load. Current is limited to preset value 
for any load including short circuit. 


KEPCO 


LABORATORIES, INC. 
131-38 SANFORD AVENUE + FLUSHING 55, N.Y. 
INDEPENDENCE 1-700 


Model SC-18-4-M 


@ REMOTE PROGRAMMING at 1000 ohms per volt is 
provided. Remote programming allows mounting a 
voltage control at a remote point. 


REMOTE ERROR SIGNAL SENSING is provided to 
maintain stated regulation directly at load. 


CONSTANT CURRENT OPERATION: These units can 
be set up for constant current operation without in- 
ternal modification. 


POWER REQUIREMENTS: 105-125 volts, 50-65 cycles. 
400 cycle units available. 


OUTPUT TERMINATIONS: DC terminals are clearly 
marked on the front panel. All terminals are isolated 
from the chassis. Either positive or negative terminal 
of each DC output may be grounded. A terminal is 
provided for connecting to the chassis. The DC termi- 
nals, the remote programming terminals and the re 
mote error signal sensing terminals are brought out 
at the rear of the unit. 


CONTROLS: Power-on-off switch, one turn voltage con- 
trol, on front panel. Over-current contro! on rear of 
unit. Ten turn voltage control available on special 
order. 


Continuously Variable Output Voltage. No voltage 
switching. 

Suitable for square wave pulsed loading. 

Either positive or negative can be grounded. 
Units can be series connected. 

High efficiency @ Low heat dissipation. 
Compact, light welght & For bench or rack use. 
Color: Gray hammertone. (Special finishes available). 


ORDERING INFORMATION: 

Units without meters use model numbers indicated in 
table. To include meters add M to the Model No. (e.g. 
SC-18-1-M). 

*Rack adapter for mounting any two 844” x 4%” units is 
available. Model No. RA2 is 5%” high 19” wide. 
*Rack adapter for mounting any one 84%” x 4%” unit is 
available. Model No. RA3 is 5%” high 19” wide. 


AN 0.01% SERIES IS AVAILABLE IN 13 NEW MODELS 
KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. 
SEND FOR BROCHURE B-587 
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tions of the springs. Under these cir- 
cumstances an ordinary mounting sys- 
tem goes out of parallel. In the unit 
with torsion bars, however, positive 
forces are exerted to offset the weight 
shift so that the trays remain parallel 
(Fig. 4). oome, 


Molding Process 
Cuts Costs on 
Circuit Breaker 
Connector Bars 


A METHOD OF FABRICATING a molded 
“loaf” and then cutting it precisely 
into desired units has been developed 
to simplify the manufacture of con- 
nector bars for small circuit breakers 
and thus reduce production costs. 

Instead of assembling and molding 
the connector bars individually, Taylor 
Fibre Co., Norristown, Pa., inserts 
square end plugs alternating with 
square metal bars into a long, square 
plastic laminate tube, molds the whole 
in a press and then cuts to size. Each 
finished connector bar then has a plug 
at each end and a metal bar between, 
all integral with the tube. 

The plugs inside the “loaf” assembly 
are a little more than twice as long 
as those at either end of the finished 
piece. When the whole is sawed, it is 
exactly at the midpoint of each of the 
double plugs, so that there is the same 
depth of plug in the ends of each 
finished connector bar. However, ex- 
treme care must be exercised as it is 
a blind sawing operation. 

The bars are made for I-T-E Circuit 
Breaker Company, Philadelphia, Pa., 
for assembly into Type ET 100-ampere 
“E.” “EH” and “F” frame circuit 
breakers. 

This production method permits 
I-T-E to mass-produce breaker arm 
assemblies for its small circuit break- 
ers without slowing down production 
te cement insulating plugs in the end 
of each connector bar. When large 
quantities of small circuit breakers are 
required, savings in labor cost from the 
elimination of end plug assembly far 
exceeds the extra cost of connector 
bars with molded-in plugs. 

These molded-in plugs provide a 
more secure seat for the outboard 
bearings which are fitted in holes in 
the ends of the plugs to hold the 
connector bar assembly in the circuit- 
breaker frame. 

Connector bars for circuit breakers 
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DIA.EACH END 


Fig. 1—Molded-in end-plug connector bars. Note that hole is drilled in end plugs. 
Outboard bearings fitted into these holes support the breaker contact assembly. 


are almost all made from square carbon 
steel bars encased with paper-base 
phenolic laminate. The metal inserts 
provide the strength and rigidity to 
stand up under the mechanical load 
required for today’s high contact 
pressures. The laminated plastic cover- 
ing provides electrical insulation. 
I-T-E uses three types of connector 
bars for its small circuit breakers: 
those with molded-in end plugs, with 
end plugs cemented in place at the 
plant and those with no end plugs. 
Connector bars with no end plugs 
are specified whenever possible be- 


Fig. 2—Molded-in end-plug rods showing 
alternating plug and bar construction. 


cause of their lower cost. However, 
this type can be used only when the 
metal insert can be made short enough 
to allow the plastic laminate casing 
on each end to overhang sufficiently 
to prevent electrical leakage from the 
end poles to the ends of the metal. 

When the breaker design does not 
permit this overhang, as in small, 
compact circuits with the bridge arms 
mounted near the ends of the connector 
bars, end plugs are needed to stop 
electrical leakage around the ends. 

On short production runs it may be 
more economical to cement in the end 
plugs in the assembly department, al- 
though it is a time-consuming hand 
operation. For large-volume produc- 
tion, connector bars with molded-in 
end plugs are purchased. 

Obviously there could be little or 
ne savings if the supplier himself had 
to assemble end plugs on each con- 
nector bar and then mold them in 
place. About the only time saved would 
be from elimination of cement drying 
time. 

Substantial savings would be pos- 
sible, however, if the supplier could 
assemble and mold several connector 
bars in one piece of laminated plastic 
casing, then cut them out after mold- 
ing. 

It was found that this method is 
entirely feasible, providing steps are 
taken to assure even thickness of end 
plugs when the individual connector 
bars are sawed from the assembly. 

Since the metal inserts and lami- 
nated plastic plugs are all inside the 
tube and therefore hidden from the 
saw operator, he has no direct visual 
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WITH 


GUARDIAN 
RELAYS 


Series 415 
Series 695-T 


The above featured relay—Series 695-T with Guardian’s twin-precision 
bifurcated contacts—is the preferred standard for complicated 

circuitries of computors and business machines. Selected for greater 
reliability, extra long life, adaptability to multiple contact combinations 
and speed of operations on both attract and release cycles. 

The Guardian Series 695-T and its companion relays, all available 

with bifurcated contacts, multiple switching and time delays are 

so finely adjusted, so sturdy, they surpass the most critical control 

needs of communications, radar, instrumentation, sound equipment, 
timing, signaling, lighting, motor driven devices, and many others. 


Series 595 


al Vi . 
Write for details ie oat 


Nat'l Electronics 


Series 795 Series 695 Conference 


All Guardian Relays Shown Here Are Available in Many A.C. and D.C. Versions 


GUARDIAN 1G] ELECTRIC 


MANUFACTURING COMPANY 
1627-L W. WALNUT STREET, CHICAGO 12. ILLINOIS 
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way of knowing whether or not he is 
sawing through the center of each 
plug. Thus it is imperative that the 
metal inserts and the plugs be held 
to close size tolerance, that care be 
exercised in the assembly and that the 
jig for the saw be designed to assure 
the same length on each cut-off. An 
incorrect cut at any one point is re- 
fiected in all subsequent cuts. 

End plugs of the same thickness are 
important to assure uniform dielectric 
strength on the ends of the bar. Uni- 
form thickness is even more important 
in connector bars for “E” and “EH” 
frame circuit breakers. In these break- 
ers, the connector bar with arms 
assembled to it, and with holes drilled 
in the end plugs, is mounted in the 
frame by fitting outboard bearings 
(rivets) into the end plug holes. The 
connector bar rotates on the bearing. 
After holes are drilled in the end 
plugs, the laminate remaining at the 
bottom of the hole must be _ thick 
enough to prevent electrical leakage 
to the end of the metal insert. 

Use of end plugs molded rather than 
just cemented in place is particularly 
advantageous in this type of circuit 
breaker because the molding process 
prevents the end plugs from moving, 
thus providing firm supports for the 
bearings. 

I-T-E engineers found that support- 
ing the breaker mechanism on the ends 
f the connector bar rather than on 
the breaker arms greatly simplified the 
design of this particular type of 
breaker. 


Fig. 3—Connector bar. Extreme left is 
metal insert used in connector bar. Mid- 
die is connector bar with end plugs 
molded in place. Extreme right is con- 
nector bar with breaker arms and creep- 
age washers assembled. Holes are drilled 
in end to support bar on tapered bear- 
ings. 
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For the “E” and “EH” frame circuit 
breakers the connector bars are made 
with grade X plastic laminate. For 
higher voltage “F” frame breakers the 
connector bars are encased with grade 
XX laminate which has very high in- 
sulating properties. 

In addition to providing sufficient 
insulation around the metal insert and 
preventing current leakage at the ends 
of the bar, good connector bar design 
also prevents current leakage between 
the breaker arms. This is most apt to 
small breakers where the 
distance between arms is short. When 
dirt and carbon accumulate it is com- 
paratively easy for the current to cross 
the short distance between the breaker 
arms. 

I-T-E prevents current leakage in its 
small circuit breakers by cementing 
creepage washers between the arms 
on the connector bar. The leakage 
path is thus forced up around each 
washer so that the washer, in effect, 
increases the distance between each 
arm sufficiently to prevent leakage be- 
ooo 


occur in 


tween them. 


Magnetic Detent in 
Bi-Stable Relay 


GLENN M. STOUT 
A MERICAN-Monarcu Corp. 
Minneapolis, Minn. 


A BUILT-IN PERMANENT MAGNET pro- 
vides a magnetic field which holds the 
new “magnetic toggle relay.” Fig. 1, 
in either of its two normal positions 
without the use of holding current or 
latching. This magnetic 
detenting is accomplished by having the 
coil positioned coaxially with the ro- 
tating armature. The armature serves 
as a keeper across the permanent mag- 
net when the relay is in either of its 
two “normal” positions. Actually, the 
permanent magnet acts as a permanent 
magnetic reference, or bias, with rela- 
tion to the magnetic field set up by the 
coil. Since the armature is coaxially 
positioned to the coil. the armature 
extremities will be given a magnetic 
polarity dependent upon the direction 
of current in the coil, Fig. 2. 

Since the polarity of the permanent 
reference does not change, and the 
polarity of the armature does change, 
a repellant or attractive force can be 
exerted on the armature to cause its 
rotary motion. When a momentary 
electrical input establishes a field in the 
armature which opposes the permanent 
magnet field, the armature is repelled 
from one pair of poles and is attracted 
to the other pair of poles, causing the 
relay to toggle instantly. If the momen- 
tary input establishes an aiding field, 


mechanical 


Magnetic toggle relay (MTR), 
Minneapolis, 


Fig. 1 
American-Monarch 


Minn. 


Corp., 


the armature is not affected and the 
relay remains in its existing position. 

Since the magnetic toggle relay is 
held in either of its two normal posi- 
tions by magnetic detenting, it does 
not require holding power. The relay 
does not have an unenergized position: 
both positions are fully “energized,” 
requiring no electrical power or me- 
chanical latching. A power failure or a 
low-voltage condition will not, for in- 
stance, cause the relay to drop out. 
Since the toggle action of the new relay 
is accomplished under conditions of 
rising magnetic force in both directions 
of operation, residual force and fric- 
tion problems are minimum. Repeat- 











Fig. 2—Magnetic circuit of the toggle 
relay. 
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From sensitive laboratory use to rugged locomotive 
application, Adlake relays have proved their depend- 
ability and versatility. Here’s why: 


@ Perfect snap action—no pitting, burning or sticking 


@ Hermetically sealed at the factory—no intrusion of dust, 
dirt or moisture 


@ Fixed, tamper-proof time delay characteristics 
@ Quiet, chatterless operation. No maintenance whatever. 


Our engineers will gladly help you solve your control 
problems—no obligation. Just write The Adams & 
Westlake Company, 1168 N. Michigan, Elkhart, Indi- 
ana... New York...Chicago 


the Adams & Westlake Company Mahe 


new york ELKHART, INDIANA cuicaso 
Established 1857 
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ability consequently is high, being in 
the order of 2 per cent or better. 
While the magnetic toggle relay may 
be operated by a continuous flow of 
current if desired, it is basically a pulse 
operated device. Operating pulses of 
the relay are measured in watt-seconds 
of energy. For instance, if one of the 
relays with a 100 ohm coil requires 
20 volts for 4 millisec to toggle from 
one position to the other, the operating 
pulse requirement would be 16 milli- 
watt-sec. If 100 volts were applied to 


—~~DESIGN NOTES-~ 


Altitude Chamber 
Relative Humidity 


E. J. BRUNS 
WestTincHouse Exectric Corp. 
Lima, Ohio 


A SIMPLIFICATION in determining the 
relative humidity of air in altitude 
chambers is now possible through the 
use of graphs. From a knowledge of the 
dew point and temperature of the enter- 
ing air, a determination of the relative 
humidity of the chamber is possible. 
Air is introduced into the chamber 
to cool electrical equipment which is 
operating under simulated altitude con- 
ditions. For convenience, the dew point 
is measured at a location where the air 
is at nearly standard atmospheric pres- 


the same coil for a period of 4 millisec, 
a pulse of 400 milliwatt-sec energy 
would be produced. This increase of 
voltage to five times normal does not ad- 
versely affect the relay since the pulse 
duration is so short and no noticeable 
heating results. Consequently, the oper- 
ation of the relay is not restricted to a 
narrow range of voltage, current or 
power. Any given unit will operate 
as well from 100 volts as it does on 6 
volts. The toggle relay will also operate 
reliably from transistor pulse circuits 
or from storage capacitor pulses. For 
instance, one of the relays will operate 
from the discharge current from a 3 pf 
capacitor charged to 120 volts. A 


sure and temperature. Air entering the 
chamber is expanded by the ratio of 
atmospheric pressure to chamber pres- 
sure. This expansion lowers the relative 
humidity, so that pressure ratio and 
humidity must be correlated. Since 
temperature also has a direct bearing 
on relative humidity, the curves provide 
for both pressure ratio and tempera- 
ture. Under normal ambient conditions, 
a pressure ratio of 1:1 is used. 

As an example of the use of the 
graphic data, for Fig. 1 assume the 
following experimental results: dew 
point 9 C at 28.7 in. mercury, altitude 
chamber pressure 2.61 in., giving a 
pressure ratio of 11:1, and chamber 
temperature of zero C. From Fig. 1 the 
relative humidity is seen to be about 
17 per cent. 

Similarly, in Fig. 2, 
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Fig. 1—Relative humidity in terms of pressure ratios, dew point and air tempera- 


tures above zero C. 
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assuming the- 


Pressure ratios 


typical unit with a 100 ohm coil will 
toggle in 8 millisec on 30 volts d-c or 
in 3 millisec on 110 volts d-c. 
Increased contact pressure actually 
aids the toggling action, rather than 
offering resistance as in conventional 
relays. The greater the contact pressure, 
the more help it offers to the electrical 
input pulse in toggling. In addition, the 
relay offers many other possibilities in 
contact arrangements. The rotating ac- 
tion of the armature moves about 30 
deg. This rotation can be made to act- 
uate a normal contact assembly, sliding 
contacts, rotary switch contacts, leaf 
types, snap action, mercury switch or 
printed circuit assemblies. OOO 


dew point to be —50 C, air temperature 
—10 C and normal ambient conditions, 
the relative humidity will be estimated 
as 2.1 per cent. 

Note: Curves of Figs. 1 and 2 are 
based on tables of vapor pressure over 
supercooled water taken from “Psy- 
chrometric Tables and Charts,” by Zim- 
merman and Lavine, Industrial Re- 
search Service, Inc., Dover, New 
Hampshire. OOO 
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Fig. 2—Relative humidity in terms of 
pressure ratios, dew point and air tem- 
peratures below zero C. 
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Sanborn Oscillographic Recording 
Instruments 


The element of time is very important in 
recording electrical and physical proper- 
ties... and this is one of the reasons that — 
Bodine synchronous motors are used to | 
power Sanborn Oscillographic Recording | 
Instruments. These units can operate at | 
nine different paper chart speeds, and the | 
motor that powers the chart moving mecha- 


nism must respond quickly, and be capable | 
of operating at any of the pre-determined 
constant speeds. Over the years Bodine l 


{ 


motors have met Sanborn's requirements i 


for constant speed, minimum noise, uniform | 
performance and long life. 


=1@) 2) i, i= 


fractional 
horsepower 


MOR Ke) 5 








To provide a complete record of what 
happens during a power failure, Esterline- 
Angus developed an external motor attach- 
ment for their recorders. When a power 
outage occurs, the Bodine motor driven 
attachment takes over and increases chart 
speed to %” per second to record these 
split-second occurrences. 

The ability to start fast, accurately main- 
tain the necessary speed and operate quietly 
are the main motor requirements. Itwas also 
necessary that both AC and DC motors 
have the same mounting dimensions. Ester- 
line-Angus found that Bodine motors made 
their external drive less cumbersome. 


BODINE ELECTRIC CO. 
2506 W. BRADLEY PLACE, CHICAGO 18 


(Cath 
\ pl -.. the power behind the leading products 


265 different stock types and sizes ready for fast shipment! 
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How to make 
motors last 
longer 


Proper maintenance is 
your best insurance for 
obtaining good service 
and long life from frac- 
tional hp electric motors. 


Inspect your motors regu- 
larly. Twice a year in- 
spect bearings, cutouts 
and other wearing parts. 
Be sure dirt and dust does 
not interfere with ventila- 
tion, or clog moving parts. 


Check load condition. Ad- 
ditional friction some- 
times develops gradually 
in the machine your mo- 
tor must drive, and thus 
imposes an overload. 
Watch motor tempera- 
ture. Protect your motors 
with properly rated fuses 
or overload cutouts. 


Replace worn brushes. In- 
spect brushes regularly. 
Whenever a brush is re- 
moved for inspection, be 
sure it is replaced in same 
axial position and NOT 
turned around in the 
brush holder. Otherwise 
excessive sparking and 
power loss will result. 


Keep commutators clean. 
Use clean, dry cloth or 
one moistened with car- 
bon tetrachloride to re- 
move dust and oil. If nec- 
essary use No. 0000 or 
finer sandpaper. 

Watch future Bodine 
ads for additional main- 
tenance suggestions. 


Free subscription 


to ‘‘The Motorgram” 
Ask that your name be 
added to the circulation 
list to receive ““The Mo- 
torgram.” A bi-monthly 
publication, it 

discusses the 

design and 

application 

of fractional 

horsepower 

motors. 




















FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 
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1 IN. SQUARE PULSE 
GENERATOR 


Portable 1 in. square pulse generato: 
called the Modupulser has been de- 
veloped to generate any fixed or vari 
able pulse repetition rate without tying 
up larger pulse generating equipment. 
Specified pulse rate is factory-set t 
allow for quick, plug-in operation. 


Specifications for fixed Modupulser 
include: pulse width range, 1.0 psec: 
prf range, 400 cps to 15,000 cps; rise 
time, 0.2 ysec min; output, 6 volts 
positive and 6 volts negative when op- 
erated from a 6-volt d-c source; supply 
voltage, —6 volts; min output load, 
75 k ohms (lower values available with 
reduced amplitude). ESC Corp., Elec- 
tronic Components Div., 534 Bergen 
Blvd., Palisades Park, N. J. >501 
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TOUGH POTTING AND 
ENCAPSULATING MATERIAL 


Epocast 255, for thermal shock resist- 
ance, is a potting and encapsulation 
material of exceptional toughness, for- 
mulated for production 
requiring long pot-life. 
Epocast 255 cures at 170 to 180 F 
into a semi-resilient casting. It will 
pass the severe thermal shock require- 
ments of MIL SPEC 16923 under ex- 
tremes of temperature cycling. Furane 
Plastics, Inc.. 4516 Brazil St., Los 
Angeles 39, Calif. >502 


applications 


TRANSISTORIZED 
PRESET COUNTER 


Dynaset counter features transistors, di- 
rect-reading glow-decade counter tubes 
with expected life of from 5000 to 
10,000 hr, wetted mercury contact type 
relays with estimated life over 1000 
million operations under load. Direct 


readout through “Nixie” in-line neon 
tubes, readable from 50 ft away. 
Applications range from automatic 
batching and packaging operations to 
length 
tions. Can also operate printed readout 


measuring and cut-off opera- 
devices. Preset range — zero to above 
180,000 counts per min with instanta- 
neous reset; totalizing speed — zero to 
300,000 counts per min. Dynapar Corp.., 
5150 Church St., Skokie, Ill. >503 


SUBMINIATURE 
POTENTIOMETERS 


Three series of subminiature poten- 
tiometers will help solve application 
problems _ involving environ- 
mental 


missiles. 


severe 
conditions in aircraft and 

Series 314 high-temperature, single- 
turn potentiometers provide resistances 


from 50 ohms to 25 k from —5:! 
+250 C in a 1% x 36 in. case. 

Series 341 10-turn potentiometers, 
only 4% x 1 in., are rugged and incorpo- 
rate design features that eliminate 
backlash and insure stability. 

Series 319 is comprised of wire- 
wound, gangable potentiometers 7 in. 
in diam said to solve phasing, reliabil- 
ity, resolution and linearity problems. 
Daystrom Pacific, 9320 Lincoln Blvd.. 
Los Angeles 45, Calif. >504 


TRANSISTORIZED 
OSCILLATOR ACCURATE 
TO 105 C 


Oscillator, approx 2 x 2 x 3 in. and 
available in plug-in or header type 
construction, has adjustable frequency 
set range of 20 cps to 20 kc. Frequency 
is stable to +0.25 per cent, with dis- 
tortion held to under 1 per cent at 
temperatures from —55 to +105 C. 
Meets MIL-E-5272B environmental 
requirements, operating on either 115 
volt, 400 cps or 28 volts d-c. Voltage 
regulated to +0.5 per cent with power 
consumption of only 1.5 w. Power out- 
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Give your design the advantages of 


GV CHROOT tuminc Motors 
ars ADILTEY 


Adaptability 
Power-packed SYNCHRON Timing Motors are midget-sized to 
fit extremely close places. Adaptable to powering timing machines, 


action signs, recording thermometers, switches, heating and air 


conditioning devices. 


SYNCHRON Timing Motors pull up to 20 in. oz. at I r.p.m.; 
operate efficiently at temperatures from —40°F. to +140°F. Each 
motor must pass 51 inspections and a grueling test under power 


before shipment. UL and CSA approvals 


Every construction feature performance proven ! 


8 GEAR CASE SEALED against oil leakage 
to permit mounting in any position. 


1 PATENTED TWO-PIECE FIELD STRUCTURE 3 ALUMINUM ROTOR RING SUPPORT. 
having wide and narrow poles, with rotor 

that rotates between inner and outer field 4 PATENTED, HARDENED STEEL ROTOR 
poles. The inner and outer poles are RING. 

properly shaded with heavy, continuous 
copper rings to assure maximum starting 


FOUR CONVENIENT MOUNTING HOLES. 
5 Oll STORAGE RESERVOIR with patented BRASS GEARS. 
and running torque. oil feed to bearings. 

STEEL PINIONS. Note: Brass against steel 
6 HEAVY BRASS ROTOR COVER. assures longer life. 
DOUBLE BEARINGS in reduction train on 


rotor shaft assure smooth operation. BAKELITE GEAR for quiet operation. 


7 DOUBLE BEARINGS ON OUTPUT SHAFT. 





HANSEN 
MAGNA-TORC 

DC MOTOR 
Designed for aircraft 


SLO-MOTION HANSEN 
SYNCHRON CLOCK 


(1 R.P.H.) MOVEMENTS 
A new timing motor For standard and off- 


HI-TORQUE 
TIMING MOTOR 
(20 IN. OZ.) 


STANDARD 
TIMING MOTOR 
(8 IN. OZ.) 


Compactly built to There's big power 


space saving dimen- 
sions, with rotor and 
coil packed in a 
sturdy hand - sized 
case, Used in timing 
devices and controls 
of all types. Guar- 
anteed torque 8 in. 
“oz. at 1 r.p.m. 


packed into this ver- 
satile timing motor. 

e year guarantee. 
Dependable, accurate, 
trouble-free. Guaran- 
teed torque 20 in. oz. 
at 1 r.p.m, 


developed _ especially 
for slow motion jobs. 
Guaranteed 20 in. oz. 
at 1 rp.h, (1/60 
r.p.m. ) 


ice clocks, sign clocks, 
novelty Clocks, 
clocks of all kinds up 
to 26” in diameter 
under glass. Precision 
power with a Syn- 
chron timing motor. 


instruments and radio 
controls. Ar 
Fors applications 
have proved its ¢ 
formance wi - 
wide under all op- 
erating conditions. 
Easily adapted to 
commercial uses. 























“Workhorse of the industry” mr 
synchronous motors, timing machines, 
clock movements, magnatorc DC motors 


SY WCW OL ” 


HANSEN MFG. CO., INC. se 


OuR SOTH YEAR 
PRINCETON 16, IND. 


FOR FULL INFORMATION CALL OR WRITE TODAY 


Hansen Representatives: The Fromm Co., 5150 W. Madison St., Chicago, IIl.; Winslow Electric Co., New York, N. Y., Chester, Conn., Phitedel- 
phia, Cleveland; Electric Motor Engineering, Inc., Los Angeles (WEBSTER 3-7591) and Oakland, Calif.; H. C. Johnson Agencies, Inc., Roch » 
Buffalo, Syracuse, Binghamton and Schenectady, New York. 
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PRECISION 


ENGINEERED 


Sub-Miniature 
Pilot Lights 


. facilitate the solution of 
miniaturization problems. 


DIALGO 


0. your next miniaturization project, 
consult DIALCO for the Pilot Lights. 
You will quickly find the proper unit 
for use with either tiny Incandescent 
bulbs (T-1%); or with sub-miniature 
Neon bulbs (NE-2D). 


‘TWO-TERMINAL units are fully insulated. 
SINGLE-TERMINAL units are for use on 

ounded circuits. Also DIMMING or NON- 
DIMMING sub-miniatures for every 
requirement. Meet 
all applicable Mili- 
tary Specifications. 


Samples for design 


purposes on request 
at once —no charge. 


NVSLZ 


No. 134-3830-375-9 No. 101-3830-951 


44 STEWART AVE. BROOKLYN 37, N. Y. 
HYacinth 7-7600 


Dialight Corp., 44 Stewart Ave., Brooklyn 37, N.Y 
Send brochures on Sub-Min. Pilot Lights 
Brochures on other Dialco Pilot Lights 


Name 











Address 
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put 30 mw with output impedance less 
than 30 ohms. General Controls Co., 
801 Allen Ave., Glendale, Calif. —>505 


ANALOG-PUNCHED TAPE 
SYSTEM 


Data system Model ZA-750 operates 
to produce an 8-level punched tape out- 
put from a 20-channel, quasi-static, d-c 
input. Additional information such as 
time-of-day and pre-selected indentifica- 
tion data and auxiliary data can be 
read out in format most convenient for 
The punched tape 
may be used to write data on an elec- 


processing of data. 


tric typewriter; same tape may be 
input to digital 
which use 8-level coding. 
Program formats may be changed 
easily and quickly by means of a plug- 
patchboard on which problems may 
be set up and retained for repetitive 
use. Electronic Engineering Co. of Cali- 
fornia, 1601 E. Chestnut Ave., Santa 
Ana, Calif. > 506 


used as computers 


TRI-AXIAL ACCELEROMETERS 


Vibration specifications for  simul- 
taneous measurement in 3 axes can be 
met by one of 2 tri-axial acceleromet- 
ers, 2243 (shown) cr Model 223. Three 
sensing elements are mounted in mu- 
tually perpendicular planes within 
compact block measuring 0.75 x 1.25 
x 1.31 in. 

Model 2243 is designed to operate 
from 100 to +500 F with max 
change of 10 per cent in sensitivity, 
while Model 2230 operates accurately 
over range of +-63 to +200 F. 

Both have natural frequencies of 25 


ke or more to assure wide, flat fre- 
quency response without spurious res- 
onance. Sensitivities are 5 to 9 mv per 

Three-point mounting used to insure 
secure mating to test surface and 
proper orientation. Endevco Corp., 161 
East California Street, Pasadena, Cali- 
fornia. ->507 


METALLIZED MYLAR 
CAPACITORS 


Capacitors offer miniaturization and 
reliability with operating temperatures 
up to 125 C without derating. Stand- 
ard units rated up to 600 volts d-c in 
any capacity desired, with insulation 
resistance of 100,000 megohms per pf. 

Available in any style housing. 
Typical size for a 4 pf/400 volt d-c 
capacitor in a hermetically-sealed metal 
shell is 14g in. OD by 214 in. length. 
Film Capacitors, Inc., 3400-06 Park 
Ave., New York 56, N. Y. >508 


HIGHER WATTAGE 
WIRE-WOUND RESISTORS 


An increase in wattage ratings of sub- 
miniature wire-wound resistors is made 
possible by newly-developed insulating 
compound applied to winding and also 
used to encapsulate product. 


Typical of higher wattages available 


in Min-Istor series is axial style NS- 
6AV-SP, measuring °4, in. diam and 
14 in. in length, now rated at 0.5 w at 
ambients up to 105 C with a max 400 
k value. Tolerances as low as 0.05 per 
cent can be specified. Eastern Pre- 
cision Resistor Corp., 675 Barbey St., 


Brooklyn ‘fe. a £ ->509 


WASHER HAS SEALING 
COMPOUND ON UNDERSIDE 


Partially dome-shaped washer, with a 
measured amount of sealing compound 
adhering to underside, is available in 
mild steel and high-carbon steel, heat- 
treated, as well as stainless and other 
metals and finishes. 

When pressure is applied, dome of 
Bartite washer compresses, forcing sea- 
lant to flow in 3 directions. Sealing 
compound is stable and non-aging; will 
not split or ozone-check under pres- 
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SOLENOID 
CHATTER 
ELIMINATED. ... 


Hard Chrome Plate Bonding 
n Plunger Laminations 


| 
Plunger 








«2222.80 quiet in its closed position, so 
rugged, so adaptable to any design 
problem, your application headaches 
are reduced to mere details! 


Its noiseless operation permits solenoid appli- 
ay cations never before considered practical. 
Coating The usual chatter and clatter in the closed 
position is eliminated by a unique design that 
provides a positive three-point contact in the 
“holding position.” Add to this Namco’s 
exclusive “hard metal’’- welded plunger bond- 
4 : = 3 ing that prevents mushrooming at the vital 
One Centrally ~ “itn aii Plunger point of contact; hard chrome-plated upper 
Located AirGap —— = gi chat guide edges of plunger laminations that re- 
duce friction and wear; superior electro- 
& magnetic qualities, and the result is a silent 
performer you can’t afford to overlook. 
~ a + & o ré 8 | P Namco standard solenoids are available 
in a wide range of pull and push types with 
THE NATIONAL capacities up to 25 lbs.; custom-engineered 


ACME COMPANY solenoids in every size capacity and type can 
¢ Hee €: 176 East 131st Street be made to meet your specifications. Write 
Cleveland 8, Ohio us about your application problems stating 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. specific requirements. 
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RBM 


TYPE 75 


Power Type Appliance Relay 





An original RBM engineering design for exacting 


appliance requirements that has also proven highly successful 


in other applications. Dependably handles up to 


6000 watts at 240 volts resistive load per pole. RBM’s 


volume production and advanced assembly techniques 


ACTUAL 


produce it in A quantity at low cost—it’s ““CUSTOMERIZED.”’ 








LISTED 
BY y% 
FILE NO. 2238! 


SCREW OR 
QUICK CONNECT 
CONTACT TERMINALS 





UNIQUE "“HAMMER-ACTION” 
OPENS CONTACTS WHEN 
Corl 1S DE-ENERGIZED 

















RUGGED 
MAGNET FRAME 


lea io ak 
L an 


VARIETY OF 
MOUNTINGS 


MOLDED TERMINAL 
BLOCK, ACTUATOR 
AND COVER 











CHARACTER/ST/ CS 





* CONTACT FORM: 
8.PN.O. OR 2P.N.O. 


* CONTACT RATINGS: 
25 AMPS PER POLE RESISTIVE 
AT 240 VOLTS 6O CYCLE 
INOUCTIVE RATINGS — CONSULT 
FACTORY FOR SPEC/AL INOUCT- 
(VE RATINGS GIVING DETAILS 
OF APPLICATION 
© COM TERMINALS: 
QUICK CONNECT TYPE 
*CO/L RATINGS: 
UPTO 240 VOLTS, 50 OREO 
CYCLE (STANDARD PICK-UP 
VOLTS ~ 857, OF RATED ) 


Consult Your Local RBM Product Application Engineer or Write For Bulletin 1030A 
RBM Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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sure. Withstands temperature from 
—100 to +250 F without change. 
Washers have withstood, on certified 
test, 95 psi air pressure when installed 
on crown as well as valley of cor- 
rugated sheet metal, and 2000 psi air 
pressure when installed on flat sheet 
metal. L. J. Barwood Manufacturing 
Co., Inc., 28 Williams St., Everett 49, 
Mass. >510 


ALUMINUM ALLOY FOR 
EXTRUDING 


Extrusion ingot for structural appli- 
cations called Alcan B51S can be used 
for railings, decking, masts, standards 
and_ brackets, electrical substations, 
and many other structural uses. Fea- 
tures high extrusion speed, good me- 
chanical 
finish. 


properties and improved 

The alloy ingot belongs to the mag- 
nesium silicide group of aluminum al- 
loys and has good welding and design 
properties. Aluminum Limited Sales, 
Inc., 630 5th Avenue, New York, New 
York. >511 


PUSH-ON, PUSH-OFF 
ACTUATOR 


A4-87 actuator is designed for alter- 
nate action push-button applications on 
panel mounting for instruments and 
components for ground support equip- 
ment. 

Any configuration (such as termina- 
tion, high temperature, or special oper- 
ating characteristic) in the E4-100 
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subminiature basic switches 
which will conform to military specifi- 
cations can be adapted to this actuator. 
Plunger (0.323 in. diam) available in 
standard black, other colors on request. 

Size: *%4 in. length, %6 in. width, 
1564 in. height, with %%2 in. bushings 
for panel mounting. Operating charac- 
teristics: contact arrangement (2) 
SPDT; contact pressure 60 grams; 
contact gap 0.020 max. Electrosnap 
Corp., Switch Div., 4230 W. Lake St., 
Chicago 24, Ill. >512 


Series 


STANDARDIZED ENCLOSURES 


These enclosures are designated as 
standardized because they are designed 
to permit desired modifications and 
adaptations easily and promptly. Of- 
fered in steel, magnesium, aluminum, 
stainless and other metal alloys. 

Line is designed for modular applica- 
tions so that units can be added and 
expanded as needed. Among the units 


CONSOLE CABIN 


are a console with sliding desk shelf 
and a cabinet with back and front 
doors. 

Design features of line are formed 
construction, “hat-section” reinforcing, 
rack cabinets that contain adjustable 
Unistrut channels to facilitate equip- 
ment mounting. Cabinets have hinged 
front and rear doors while rack cabi- 
nets have lift-out rear panels. Comply 
with MIL standards and can be finished 
in any finish or color desired. Made 
in 16 gauge cold roll steel, but 14 
gauge or other metals can be specified. 
Falstrom Co., 96 Falstrom Court, 
Passaic, N. J. >513 


TERMINAL BLOCK 


Type “RH” terminal block has been 
redesigned to incorporate features 
which eliminate wiring operations. 
First operation eliminated is prepar- 
ing connector for insertion of wire. 
Terminal is now delivered in open 
position ready for use. Also eliminates 
time consumed by dropped and lost 
screws. A spring clip on each terminal 
retains screw when backed out, yet 


They can be your design assistants 
on other Essex Engineered Products. 





. 
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COILED CORDS- CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ities. Complete line of Coiled Cords 
including HPN. 


Write for Coil Cords Literature 
Cords Limited Division, DeKalb, Ill. ® 





GENERAL 
PURPOSE 


RELAY 


The basic relay and numerous contact forms, 
ratings and terminals variations are regular 
production items...have been “customerized” to 
solve almost every conceivable problem. Such 
versatility permits engineering short-cuts that 
lower your “back door” cost. 

Write for Bulletin 1060 


R-B-M Control Div., Logansport, wna OD, 








APPLIANCE WIRES 


Designed for your industry, a complete line of 
“Essex Engineered" appliance wiring material 
—thermoplastic, rubber, neoprene and silicone 
lead wire, plus internal refrigerator wires, 


power supply cords and heater wire. * 
Wire and Cable Div., Ft. Wayne, Ind. ® 


ESSEX 


WIRE CORPORATION 
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precision 
comes in 





Miniaturization of electrical and 
electronic assemblies has created 
fastening problems. Fischer 

the leading producer of turned 
nuts . . . helps solve these prob- 
lems by supplying precision nuts 
in miniature. 


The two nuts illustrated represent 
a 1000-to-1 ratio, yet they are 
identical in type and accuracy. The 
miniature measures 1/8 x 3/64” 
and weighs only 0.11 Ibs. per thou- 
sand. The conventional nut is 
1-1/16 x 21/32” and weighs 110 
Ibs. per thousand. 


If you use small nuts . . . and 
want better price, quality and de- 
livery .. let Fischer quote your 
next order. 


FOR PRECISION BRASS 
AND ALUMINUM NUTS 

... STANDARD, 
SPECIAL OR MINIATURE 
... SPECIFY FISCHER! 


there’s no premium <4 
for precision 4 
at 


SPECIAL MFG. CO. 


FISCHER SPECIAL MFG. CO. 

421 Morgan St., Cincinnati 6, Ohio 
Please send your new 20-page 

CATALOG FS-1000 containing com- 

plete specifications on brass and 

aluminum nuts. 

Nome. Title 





Cc 











Street 





i ee es ee ee ee ol 


City Zone State. 
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permits deliberate removal whenever 
desired. Screw is easily snapped back 
into place in spring, if removed, and 
full freedom of turning and _ vertical 
movement is permitted. 

Rated at 750 volts, 50 amp and is 
available with from 1 to 20 terminals, 
as desired, for use with AWG No. 8 to 
No. 18 wire. Curtis Development & 
Mfg. Co., 3250 No. 33rd St., Milwaukee 
16, Wisc. >514 


READY TO USE 
EPOXY MIXTURE 


Mixture No. 4027 for the impregnation 
and molding of all types of electrical 
windings is a 3-part mixture that is 
immediately — self-extinguishing, even 
after consecutively repeated exposures 
to open flame. 

Cures hard and tough, has 
mechanical and thermal shock resist- 
ance. Viscosity is low enough at proc- 
ess temperatures to yield thorough 
impregnation. Adhesion to metals and 
other materials used in coil construc- 
tion said to be good. The Acme Wire 
Co., 1255 Dixwell Ave., New Haven, 
Conn. >515 


good 


SIZE 8 GEARBOX 


Line of standard Size 8 (0.750 in. OD) 
miniature gear boxes will mate with 
any standard Size 8 a-c or d-c motors, 
and can be adapted to any motor end 
configuration. Ratios from 1.5:1 to 
600:1 available, depending on require- 
ments. 

Weight of units may be as little as 
3g oz with aluminum housing. Stain- 
less steel housings available; all gears 
stainless. 

Using Class 5 miniature bearings 





throughout, units have backlash as low 
as 45 min, and will handle 50 in.-oz 
of torque. Starting torque 0.015 in.- 
oz or less. Two output shaft diameters 
available: 0.0937 and 0.1250, and shaft 
may be either concentric or offset. Elli- 
son Enginering Co., 4350 San Fernando 
Rd., Glendale, Calif. >516 


MINIATURE 
SENSITIVE RELAY 


Type TQ is designed to operate on d-c 
coil signals at sensitivities from 20 to 
100 mw. Available with either SPDT 
or DPDT switch arrangements, 4PDT 
on special order. 

Contact rating with resistive load at 
28 volts d-c or 115 volts a-c is 3 amp 


with silver contacts, 0.5 amp. with 
palladium or gold alloy contacts. Con- 
tact life, 100,000 eperations, min. 
Operating temperature, —55 to 4-100 
C. Can also be supplied for —65 to 
+125 range. Shock up to 50 g; vibra- 
tion up to 10 g, from 10 to 500 eps. 
Also available in hermetically sealed 
enclosures as type TQH. Comar Elec- 
tric Co., 3349 W. Addison St., Chicago 
18, Ill. >517 


DUAL PRESET COUNTERS 


The CMC 320 series features concentric 
presetting knobs which permit display 
of the 2 preset numbers in one small 
area of vision, eliminating inaccurate 
settings and making the instruments 
easy to use. 

Versatility makes them adaptable to 
such functions as motor control, auto- 
matic packaging, high-speed coil wind- 
ing, programming, variable time inter- 
val generators and accurate frequency 
measuring. 

Features: 0.05 volt rms sensitivity; 
concentric preset selector switches; 
unitized construction; relay and pulse 
output simultaneously. | Computer- 
Measurements Corp., 5528 Vinelana 
Ave., No. Hollywood, Calif. >518 


VOLTAGE LIMITER 


Voltage limiter for use with power 
supplies is used to protect transistors 
and other voltage sensitive devices from 
damage due to both low and high-speed 
voltage excursions. Adjustable to pro- 
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MMM PULSE JU 
TRANSFORMERS 


THE RELIABILITY of Sprague 


Pulse Transformers is no ‘‘extra’’. 








Designed to meet military specifi- 
cations, such as MIL-T-27, these 
hermetically sealed transformers 
serve the demands of high-speed 




















computer circuits, pulse inversion 
circuits, impedance matching cir- 
cuits, blocking oscillator circuits, 
memory core current drivers, cur- 
rent transformers, and many others. 

Special designs for high accele- 
ration, high ambient temperatures 
(above 85° C), or minified circuits 
can be furnished to suit specific 
requirements. For typical commer- 
cial applications, units are available 
in lower cost housings. Special kits 
to aid prototype work and selection 
are also available. 
































For complete engineering data and 
application information on pulse trans- 
formers, switching transformers, and 
magnetic shift registers, write the 
Technical Literature Section, Sprague 
Electric Company, 397 Marshall St., 
North Adams, Massachusetts. 


SPRAGUE 





























the mark of reliability 


SPRAGUE COMPONENTS: 
MAGNETIC COMPONENTS 4. TRANSISTORS @ RESISTORS @ CAPACITORS «@ INTERFERENCE 
FILTERS 9 PULSE NETWORKS 6 HIGH TEMPERATURE MAGNET WIRE e PRINTED CIRCUITS 


OCTOBER 1958 Circle 144 on page 17 135 





NEW G-E PRE-AGED GLOW LAMP 
has starting voltage stabilized 


within +8 volts 








3 DIAMETER 
ENLARGEMENT 


GENERAL ELECTRIC NE-81 GLOW LAMP 
(pre-aged, stabilized version of the NE-2) 


STARTING VOLTS—72 +8 volts. 


HIGH INSULATION RESISTANCE—G.-E “‘Dri- 
film”’ treatment insures minimum leakage re- 
sistance of 100 megohms under high humidity. 


REDUCED DARK EFFECT— Higher-than- 
normal starting voltage in darkness now 
reduced with a mild, radioactive additive. 


ANODE IDENTIFICATION— Permanent white 
dot marks positive lead. 


PLATED LEADS— Cadmium plating permits 
easier soldering. 


STARTING VOLTAGE RANGE is reduced in 
the NE-81 from the +15 volts of the earlier 
NE-2 to a +8 volts—a cut of nearly 509%. 


Precision ‘‘seasoning’’ of the NE-81 under 
ideal conditions now delivers a component 
permitting circuit design based on closely 
fixed and stable glow lamp specifications. 
Dependable characteristics are assured—lamp 
to lamp, lot to lot. 


The extreme precision, long life and rugged 
construction of the NE-81 makes it ideal for 
many applications such as: relaxation oscilla- 
tor, leakage indicator, switch, voltage regulator 
or voltage indicator. 


For further information write: General 
Electric Co., Miniature Lamp Dept. EM-108, 
Nela Park, Cleveland 12, Ohio. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 


vide protection at any voltage between 
0 and 50 volts. Will handle power 
supplies with ratings up to 3 amp. 
Electronic Measurements Co.,  Ince., 
Eatontown, N. J. >519 


SELF-INSULATING 
FASTENERS 


Nylon-headed self-tapping set screws, 
used in production of TV sets, are 
typical of this type of fastener. Because 
of high voltages and continual handling 
of portable TV sets, safety factor pro- 
vided by insulating properties of 
molded nylon is of importance. 
Electrical dielectric 
strength (short time), 385 vpm; vol- 


properties: 


ume ealicecsien 15 & 10) ohm-cm; 


ws 


ae 
bs ya 
ve 


dielectric constant (60 cycles), 4.1; 
power factor (60 cycles), 0.014. 

Most thermoplastic materials can be 
used in molding fastener heads. Pre- 


vent corrosion and moisture absorp- 
tion, withstand impact, and have good 
thermal insulating properties. When 
fasteners contact decorative finishes, 
prevent galling created by metallic 
screw-heads. Available in variety of 
colors. Gries Reproducer Corp., 400 
Beechwood Avenue, New Rochelle, 
oe 2 >520 


PHOTOELECTRIC 
PERFORATED TAPE READER 


Dykor Model C301 is available in ver- 
sions to handle any one of standard 
punched tape widths. Reading speeds 
range from 100 to 750 characters per 
sec. Fast start-stop feature of tape 
transport permits intermittent reading 
of tapes at slower rates. Reading head 
has been operated at temperatures to 
+60 C. 

This model uses short strips requir- 
ing only 6 in. leaders or loops of tape. 
After a stop command, 1.8 millisec is 
required for tape to come to rest. Stop 
time is independent of tape speed. 
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Leonardo Do Vinci 
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s design for o pump using the Archimedian screw principle Model courtesy of IBM 


EVEN DA VINCI’S DESIGN FOR A PUMP COULD HAVE 
BEEN BETTER WITH HELP FROM AN SiG /P ENGINEER. 
An SiS engineer never tends to favor one or two types of bearings in his recommenda- 
tions. That's because S2s makes all four types of ball and roller bearings in over 3,000 
sizes. This gives our engineers the kind of flexibility they need to keep an open mind 
on any bearings problem. Give your problem to us and see. 


EVERY TYPE-—-EVERY USE 


KF. 


Ser INDUSTRIES. INC.. PHILADELPHIA 32. PA. 


Spherical, Cylindrical, Ball, and “Tyson Tapered Roller Bearings 


* REG. U.S. PAT. OFF. 
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designed tor INDUSTRIAL ELECTRONIC TUBES 


of various filament voltages 


Rated 30 KVA, 240 volts input with 3 secondaries, 10 volts at 

1000 amps. each. Connecting coils in series give a voltage of 30 volts 

at 1000 amps., 3 coils connected in parallel make for an output voltage of 
10 volts at 3000 amps. This construction is used where three identical 

but isolated voltages are needed. With four secondary windings an additional 
combination of series parallel connections can be obtained. 


The Multi-Secondary Transformer, an addition to the renowned line of NWL 
custom-built transformers is manufactured to the particular needs of the user. 
Each Nothelfer Transformer is individually tested for core loss, polarity, 
voltage, corona, insulation breakdown and aging characteristics 

and must meet all customer's requirements before shipment. We shall 

be glad to receive your specifications and quote you accordingly. 


SAY: NO-TEL-FER 


NOTHELFER WINDING LABORATORIES INC., P. 0. Box 455, Dept. EM-10, Trenton, W. J. 
(Specialists in custom-building) 
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tape speeds to 150 characters per sec, 
tape stops on stop character. At higher 
tape speed to 600 characters per sec, 
tape stops on or before character fol- 
lowing stop character. Digitronics 
Corp., Albertson Ave., Albertson, L.I., 
N.Y. >521 


VIBRATION AND SHOCK 
CONTROL PAD 


Type “S” Unisorb vibration and shock 
control pad has been developed for use 
in protecting packaged equipment dur- 
ing shipping. Suited for safeguarding 
electronic equipment, business ma- 
chines, computers and large electrical 
apparatus. 

Can be used with special Unisorb 
cement which eliminates necessity for 
bolting to shipping cases, in conjunc- 
tion with conventional bolting, or a 
combination of both. Unisorb and Uni- 
sorb cement will withstand shear forces 
of 75 to 100 psi. 

Available in roll or sheet form and 
can be cut to particular shapes and 
patterns on the job. Unisorb cement 
available in gallon containers. The 
Felters Co., 210 South St., Boston 11, 
Mass. ~>522 


FIELD-ADJUSTABLE 
PROGRAM TIMERS 


Type 511 and Type 521 (shown) cy- 
cling timers combine high accuracy 
with quick adjustability of up to 8 in- 
dependent timed intervals. Both throws 
of each SPDT load switch are con- 
trolled by separate cams, independent- 
ly adjustable through 180 deg with 
small wrench supplied. 

Cam setting indicated on dial in per 
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FOR SLIP RING APPLICATIONS 


SLIP RINGS . . . Diameter from ¥3" to 48” and larger. Rings 
are plastic molded, electroplated, electroformed or fabricated. 
Annular or cylindrical rings are formed of both solid and 
laminated metals. SLIP RING ASSEMBLIES . . . All sizes 1 to 
400 circuits. Performance closely approaches that of a uniform 


D. &. 
MAKEPEACE 


BAYA 11e)) cable. Crosstalk between circuits similar to shielded cable; 
impedance match at video frequencies like matched coaxial cable, 
22 at radio frequencies sufficiently close for many applications. 
y Awe D. E. Makepeace Division, Attleboro, Mass. 


Circle 147 on page 17 


FOR ULTRAVIOLET TRANSMISSION 


AMERSIL FUSED QUARTZ . . . Ideal for use in high ultraviolet 

transmission applications and as laboratory ware, ranging 
AMERSIL from plain tubing to many intricate fabrications. Ingots and 

plates available in general commercial quality as well as in 
QUARTZ three special optical grades: OPTOSIL®, practically bubble-free 


DIVISION —very slight granular structure; HOMOSIL®, completely free 


of bubbles—just the faintest traces of granular structure; 
and ULTRASIL®, completely homogenized— increased 


Semaine 
Ee / UV transmission. 
we j € ‘ Amersil Quartz Division, 685 Ramsey Avenue, Hillside, N. J. 
fs \ 
= f 4 : Circle 148 on page 17 
~~ wal 


FOR PURIFYING AND PURIDRYING 


DEOXO® PURIFIER . ... provides low-cost catalytic purification 

of hydrogen and other gases to the extent of less than 

one part oxygen per million. Requires no operating expense, 

no maintenance, no reactivation, no auxiliary heating, 
CHEMICAL no water cooler. DEOXO® DUAL PURIDRYER . . . combines 

DIVISION continuously-operating, dual tower, automatically-run drying 

unit with the features of Deoxo Purifier—catalytically 

produces pure, dry hydrogen, so pure it contains less than 

one part oxygen per million, so dry that it has a dew point 

of better than —100° F. 

Chemical Division, 113 Astor Street, Newark 2, N. J. 
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cent of full cycle time. Type 511 pro- 

vides from 1 to 3 load switches, Type 

3S WAY they, 521 from 4 to 8. Cycle times from 6 
sec to 48 hr. 

Load switches rated for 20 amp at 

TO Cc UW T 125 or 250 yolts a-c, motor for 115/- 


230 volts, 25, 50 and 60 cycles. Cramer 


CONTACT COSTS} ors 
Conn. > 523 


38% Saved by CHANGE to STABLE 2 W FILM RESISTOR 
DERINGER Cold-Heading, in many cases, 


. Two-watt film resistor designated the 
the most economical process. 


; C-42 displays high stability under hu- 
This part now cold-headed to very close midity and changes in voltage and 
tolerances was formerly made by screw ma- 
chine. Use of high speed cold-headers resulted : . > = 
in the reduction of waste metal and produced Designed for industrial and military 
uniformly high quality contacts at a saving applications at temperatures up to 
of 38%! 


temperature. 


DESIGN CHANGE to 

eliminate operation 

As originally made by another manufacturer, 
this part required an additional operation. 
The part was unsatisfactory because, when 
assembled, the shoulder did not maintain the 
assembly in the required fixed position. 


469% Saved by Redesign! \ 


New design originated by Deringer elimi- 150 C 

nated second operation and not only directly Cea Tish etanile 

saved 46% but resulted in superior part ohms to 1.5 megohms. Withstands mo- 

which maintained the required fixed position. mentary overloads up to 250 times its 
rated power of 2 w at 70 C. 


il | 
Se. 


feveeeenee! 


has resistance range of 200 


The C-42 operates at a noise level of 
2 0.01 pv per volt; temperature coeflici- 
REDESIGN to Reduce Assembly Time ent of resistance is 250 ppm max and 
This part originally had a round head. voltage coefficient of resistance is 0.001 
It was hopper fed and a big problem was in ge " | Cornine Gl 
cca aligning a wire with the head oo J ‘a . ior N. 4 = mae 
slot. OrkKs, sorTning, . ° 

More than the cost of the part was saved 
in labor when Deringer redesigned the head 
to a semi-square shape and double slotted HOLLOW SHAFT 
the head so that it now automatically feeds 
through the hopper in position for perfect DIFFERENTIAL 
alignment. 


ea 30% to 60% and HIGHER SAVINGS ARE double bearing supports on end bevels, 
HOW WOULD YOU PARTICULARLY IMPORTANT because are features of this “46 in. hollow shaft 
MAKE THIS CONTACT? = — most contacts are made of precious metals in unit. Constructed from all stainless 


Ea quantities of thousands and even millions— steel parts. 
— such change may save thousands of For convenience in adapting the “6 
, ollars. : : — 
in. differential to proposed or existin 
DERINGER furnishes a complete line of ; L ei : 8 
systems, reproducible tracings of unit 


Dactaee agg aren standard and special electrical contacts and . ; 
with ales one addi- contact assemblies—welded, riveted and are available which can be used as 
tional operation! double emg _ rivets, discs, ro er an underlay in design layout work. 

wire, strip, sheet, laminated metals; silver Scales show Ye in. traci 
itil and silver alloys, gold, platinum, palladium, : = ig ‘: m4 _ ‘at —— 

IF YOU ARE INTERESTED etc. Exceptionally high quality and close ee en eee 

IN POSSIBLE SUBSTANTIAL tolerance cold headed parts in base metals— Arch Instrument ( Co., Inc., 101 Holmes 

CONTACT SAVINGS steel, brass, aluminum, etc. St., North Quincy 71, Mass. >525 

WOULD YOU LIKE TO REDUCE 

For general information— INVENTORY? 

Write for our latest FREE DERINGER unusually fast delivery 

catalogs. For specific in- (faster than others take to process an order) 

formation—Submit com- will enable you to reduce your inventory 


plete specifications of your stock to a minimum. 


part. tolerances, IF PRICE IS IMPORTANT —TRY DERINGER 
application and 


Be DERINGER 


METALLURGICAL CORPORATION 


1141 MONTICELLO AVE. + SKOKIE, ILLINOIS (Continued on page 142) 


Improved differential design, including 
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high reliability... ectreme compactness... 


IN THE 


NEW SANBORN 


SS) 


6- & 8-CHANNEL DIRECT WRITING SYSTEM 


If you want a practical direct writing system for straight- 
forward recording in the range from DC to 100 cps — such as 
computer readout, telemetry recording — look what the new 
Sanborn “850” offers in compactness, reliability and operating 
convenience. A complete 8-preamplifier module with power 
supply, plus an 8-channel flush-front recorder package con- 
taining power amplifiers and power supply at rear, occupy 
only 241%" of “850” panel space. 


PERFORMANCE characteristics of an “850” include flat 
frequency response 0-70 cps, down 3 db at 100 eps (10 div. 
peak-to-peak amplitude) ...thermal drift eliminated by 
current feedback power amplifiers ... limiting at input to 
prevent amplifier saturation or cut off, so that damping is 
never lost . . . drift less than 0.2 div. for 20° to 40° C. changes, 
line voltage changes from 103 to 127 volts... gain stability 
better than 1% with 20° C. and 20 volt changes . . . linearity 
0.2 div. over 50 divisions . . . clear, permanent, inkless record- 
ings in true rectangular coordinates. 


IN RELIABILITY, “850” features include fully transistor- 
ized power amplifiers and power supply... rugged gal- 
vanometers with low impedance, high current, enclosed coil 
assemblies and velocity feedback damping... JAN com- 
ponents wherever practical, such as MIL-T-27 hermetically 
sealed power transformers, MIL-approved electrolytics in 
power supplies, etc... . forced filtered air cooling for stable 
operation. 


And in operating CONVENIENCE, an “850” system pro- 
vides such advantages as nine electrically controlled chart 
speeds, selected by pushbuttons . . . a choice of interchange- 
able Preamplifiers (DC Coupling and Phase Sensitive De- 
modulator presently available, with others in development) 
. .. remote control of chart drive, speeds, timer and marker 
... monitoring connection points ...a Recorder that loads 
from front and has built-in paper take-up and paper footage 
indicator. 


SANBORN COMPANY 


175 Wyman Street, Waltham 54, Mass. 
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Ask your local Sanborn Industrial 
Sales-Engineering Representative 
for complete facts —or write the 
Industrial Division in Waltham. 


(All data subject to change without notice) 
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A NEW 


+ 


IN BEARING 
APPLICATIONS 


Availability of Sintered Powdered Metal Bearings and 
machine parts from a fully competent and technically 
responsible source opens the way to improvements in 
mechanical products. 


Bunting facilities for designing, engineering and 
manufacturing of Sintered Powdered Metal Bearings and 
parts are as comprehensive and responsible as the traditional 
Bunting competence in the field of Cast Bronze Bearings. 


A competent group of Bunting Sales Engineers in the field and 
a soundly established Product Engineering Department put at 
your command comprehensive data and facts based on wide 
experience in the designing and use of Cast Bronze and Sintered 
Powdered Metal Bearings and parts. 


Write for catalogs and ‘your copy 
of the new 24 page Bunting 
Engineering handbook 
of Sintered Powdered 
products and their 
composition, 
manufacture and 
application. 


unting 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


200 C WIRE-WOUND 
RESISTOR 


Type 1400 wire-wound resistor can be 
operated at 200 C without derating. 
Rated at 14% w, it can be obtained in 
values from one ohm to 750k ohms. 
Operation at this temperature is made 
possible by new type of wire insulation 


for coating resistance wire and elimina- 
tion of all organic insulations in bob- 
bin and encapsulation envelope. 

Size, 4% in. diam by 114 in. long 
1144 in. axial leads; temperature co- 
efficient, +30 ppm per deg C from 
—50 to 200 C; wattage rating, 4% w 
at 200 C, derated to zero at 225 C; 
tolerances available, +1, +% and 
+0.1 per cent. Meets all requirements 
of MIL-R-93B (proposed) except as 
modified by above ratings. The Daven 
Co., 536 West Mt. Pleasant Ave., 
Route 10, Livingston, N. J. >526 


FREQUENCY-SENSING RELAY 


Model BS-5003 is designed for use on 
115 volt, 400 cycle systems, and has a 
nom cut-off frequency of 370 cps. Op- 
erating point is held within a tolerance 
of +10 cps over ambient of —65 to 
+85 C and over applied voltage range 
of 115 volts +5 volts. Similar units for 
any nom frequency from 300 cps up 
can be supplied. 

Contacts are SPST, closed when 
frequency is above operating point, and 
are rated at 2 amp resistive at 115 
volts a-c. Will withstand 10 g vibration 
at frequencies up to 500 cps, and shock 
of 30 g, 11 ms. Size is 1% x 2™%e6 x 


The Bunting Brass and Bronze Company + Toledo 1, Ohio + Branches in Principal Cities 
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Enjay Buty] is used in General Electric washers and refrigerators because 
it offers economy and outstanding all-round quality performance. 


ENJAY BUTYL 


helps make more efficient appliances! 


General Electric uses gaskets and hoses Technicians constantly find new 
made of Enjay Butyl in their new ways to use Enjay Butyl in a great 
washers and refrigerators. variety of applications—and at lower 
Enjay Butyl parts are highly resist- costs! It will pay you to investigate 
ant to heat...aging...moisture de- the possibilities of this versatile rubber 
tergents, bleaches and other chemicals. in your product. For full information & U T Yy L 
As a result, equipment lasts longer, and expert technical assistance, 


performs better. write or wire the Enjay Company. Enjay Butyl is the greatest 
rubber value in the world. 
It’s the super-durable rub- 
ber with outstanding resist- 
Pioneer in Petrochemicals ance to aging « abrasion + 
tear « chipping « cracking + 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. as onli ow) 4 = 
Akron « Boston + Charlotte + Chicago + Detroit » Los Angeles « New Orleans + Tulsa sunlight + moisture. 
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| say it's Mars! 


Thomas & Skinner says: This 
is a hell’uva way to run a space 
ship! 

But we're not blaming the 
space crew—just the engineer 
who designed the highly complex 
astral navigation equipment. He 
didn’t know about T & S’s new, 
exclusive three-phase laminations 
... Which offer balanced voltages 
in all three phases and completely 
eliminate third harmonics. 

These compact laminations are 
now available in standard pro- 
duction sizes . . . for 400-cycle 
applications, 4 mil thicknesses 
with leg widths from 4 to % 
inches . . . for 60-cycle applica- 
tions, 14 and 18.5 mil thicknesses 
with leg widths from 1.2 to 3.6 
inches, 

This is just one more reason 
why you can depend on T & S 
for all your magnetic material 
needs .. . for permanent magnets 

. wound cores . . . laminations 
... and SiFeMag tapes. 


SPECIALISTS IN 
MAGNETIC MATERIALS 


Permanent Magnets ® Magnetic Tapes (SS 


Laminations & and Wound Cores 


1114 East 23rd Street, indianapolis 7, Indiana 
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3%42 in. high, weight 15% oz. G-V 
Controls Inc., Hollywood Plaza, East 
Orange, N. J. >527 


MICROMINIATURE 


| METALLIZED-PAPER 


CAPACITORS 


Type P83CZK small metallized-paper 
capacitors in humidity-resistant ceramic 
cases feature an improved metallized 


dielectric which provides both the elec- 
trodes and dielectric. 

Designed to operate up to -++-85 C. 
Power factor less than 1 per cent when 
measured at or referred to frequency 
of 1000 cps and at ambient of 25 C. 

Available in 3 sizes, 0.175 diam x 
46 in. long: %4 x %e in.: and “6 x 
4 Aerovox Corp., New Bedford, 
>528 


16 in. 
Mass. 


| LOW-STATIC STYRENES 


“Tustrex Lo-Stat” styrenes can be in- 
jection-molded into products and are 
said to practically eliminate electrosta- 
tic fields which draw dust and arrange 
it in unsightly patterns on surfaces of 
molded pieces. 

The 2 general-purpose formulations 
available commercially are Lustrex Lo- 
Stat 22, a standard molding grade, and 
Lustrex Lo-Stat 29, a formulation with 
improved heat resistance. Molding and 
physical properties comparable to those 


| of general-purpose styrenes. 


Recommended for such applications 
as clock housings, grilles for fans and 
air conditioners, and record player 
Plastics Div., Monsanto Chemi- 
>529 


arms. 
cal Co., Springfield. Mass. 


DIGITAL 


| SHAFT-ANGLE ENCODER 


Model DV-13A contains a_ built-in 
alignment cell for establishing optical- 
mechanical concentricity precise to 110 
ppm. 

Thirteen-digit binary Gray code of- 
fers reliable reading accuracy of better 


than +2.5 minutes. At 366 rpm, prob- 
ability of a 1-bit error, representing 
only a +1.3 minute max angular error, 
is 0.75. Readout possible up to max 
reading rate of 100 complete digital 
words per sec. 

Has a Size 23 synchro mount, out- 
side diam of 3%4 in., overall length of 
714% in., and weighs 5 lb. Angular 
reading accuracy maintained in am- 
bients from —65 to +165 F. Operable 
under shocks up to 20 g’s, and vibra- 
tions of 55 cps with a 0.015-in. ampli- 
tude. Dychro Corp., 125 Mt. Auburn 
St., Watertown 72, Mass. >530 


MAGNETIC AMPLIFIER 
RELAYS 

Series of magnetic 
feature: high sensitivity in microwatt 
high contact rating 


amplifier relays 
range to 140 uw: 
to 15 amp: no _ transistors, 
tubes, or delicate mechanisms; 


vacuum 
rugged 
construction, small size, light weight. 


Type RL-101 (shown) is designed 
for high current capacity. Excitation is 
25.2 +3 volts rms, 60 5 eps, 4 w. 
Sensitivity is 140 pw. Response time is 
0.5 sec. decreasing to 0.15 sec for sign- 
al sources of internal resistance of 
3500 ohms or more. Contacts are DPDT 
rated at 15 amp. 28 volts d-c or 115 
volts a-c. Dimensions: 24g x 2144 x 5 
in. Ad-Yu Electronics Lab., Inc., Pas- 
saic, N. J. > 531 


MINIATURIZED AIR 
CYLINDERS, VALVES, 
FITTINGS 

Line of miniaturized air cylinders, 
valves and fittings has standard 1/8-27 
taper pipe threads, and combines com- 


f 


7 ee f 


pact design with rugged construction. 

The %¢ in. bore, 1 in. stroke, single- 
acting spring return cylinder is ma- 
chined from solid hexagon aluminum 
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NOT US!..«p-K STAPS in air conditioner assemblies 
prevents moisture seepage,” says GENERAL ELECTRIC 


= “In attic-mounted central air conditioner units, leakage from base 
ie pans could not only cause corrosion of sheet metal exterior panels, but 
worse yet—might wet a customer’s ceiling! 

“Using Parker-Kalon Staps which have a flexible nylon washer 
extending .118 under the head of the fastener, provides a positive seal— 
effectively prevents leakage and corrosion,”’ says Mr. M. W. Hays, 
General Electric Air Conditioning Department, Tyler, Texas. 

P-K Staps consists of a unique self-conforming translucent nylon 
washer, preassembled to standard P-K Self-tapping Screws. When 

tightened, pressure causes the nylon to fill any irregularities of the engage- 
ment hole—actually flow into the thread interstices—forming a watertight, 
hermetic seal. 
Furnished in a wide variety of styles and sizes. Also available in Neoprene 
washer styles. Write for samples and complete information. 


Sold Everywhere Through Leading Industrial Distributors. 


PARKER-KALON sr4ps° rasteners 


PARKER-KALON DIVISION, General American Transportation Corporation. Originators of the Self-tapping Screws; Manufacturers of Socket Screws, Screwnails, Masonry Nails, Wing 
Nuts, Thumb Screws and the new Rimguard Weld Screw. 
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SEND FOR DATA ON THESE 


NEW RELAYS 
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s TYPE TuV 
VIDEO SWITCHING RELAY §& 


Specially engineered for 

carrying video and other high 

frequency currents. Unusual flexibility of 
design permits a wide range of contact 

spring assemblies and 
' combinations to be used. Fast operate, 

we release and transfer time. 
a v>.. 


Fae 
. 








Pass oo neg aie he bs 


wim aah 


TYPE TJC 
VERSATILE 
COMPACT RELAY 


Incorporates the best 

characteristics of the standard 
telephone type and the small 
lightweight relay. Features include 
'\, rugged construction, sensitivity, 
‘\ large contact spring capacity, 
compact size. Independent-action 
twin contacts. 


TYPE TQ 
SENSITIVE MINIATURE RELAY 


Operates on DC coil signals at 
sensitivities from 20 to 100 
milliwatts. Contact rating with resistive load 
at 28 VDC. or 115 VAC; silver 
contacts, 3 amperes. Shock, 
up to 50 G. Vibration up 
to 10 G, from 10 to 500 cps. 


PHVA ILS Bes 


Ra 


ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILL. 




















RELAYS »* SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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bar stock. The piston, ram and end 
cap are machined from cold-rolled 
steel. Cylinder design permits quick, 
easy replacement of packing if neces- 
sary. 

The 8-port manifold has unusually 
large air passages for efficient opera- 
tion. Air-Mite Devices, Inc., 4401 W. 
Kinzie St., Chicago, Ill. >532 


HIGH-TEMPERATURE, 
HUMIDITY-PROOF 
POTENTIOMETER 


Subminiature wirewound _ potentiom- 
eter which operates at high tempera- 
tures and under conditions of extreme 
humidity and vibration is so compact 
that 16 units will fit in one square 
inch of panel space. Trimpot 
Model 224 potentiometer is *i¢6 x “oe 
x 114 in. with body eyelets on 1 in. 


centers for standard mounting. Humid. 
ity resistance in excess of MIL-STD- 
202A is due to unit’s sealed plastic 
case. Power rating is 1 w at 70 C and 
14 w at 125 C; operating temperatures 
range from —65 to +175 C. Unit fea- 
tures a_ self-locking 25-turn adjust- 
ment and is available with solder lugs, 
printed circuit pins, or insulated 
stranded leads. Standard resistances 
are 100, 200 and 500 ohms; 1, 2, 5, 
10, 20 and 50 k. Bourns Laboratories, 
6135 Magnolia Ave., P. O. Box 2112, 
Riverside, Calif. >533 


ROCKER-OPERATED 
APPLIANCE SWITCH 


The “Rockette,” a rocker-operated 
multi-position switch, is for numerous 
applications such as home laundry 
equipment, room air conditioners, win- 
dow fans and other products 

Provides a highly flexible control in 
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new electrical design idea with aluminum) 


REYNOLDS 


Anodized Aluminum Strip Conductor 


sf 


TRANSFORMER USING INSULATED COPPER WIRE 
CORE INSULATION 


LAYER INSULATION 


MAGNET WIRE 
INSULATION 


CONDUCTOR 


CONDUCTOR SPACE FACTOR— COOLING DUCT 


approximately 25 to 35%, of window opening 
TRANSFORMER COIL USING 
ANODIZED ALUMINUM STRIP CONDUCTOR 


ANODIC 
INSULATION 
CONDUCTOR 


Wa | | Wy) 
ca ih HI 
a | An} 
‘ INSULATION 
CONDUCTOR SPACE FACTOR— xo BETWEEN WINDINGS 


up to 88% of window opening 
CORE INSULATION 


The Finest Products 
Made with Aluminum 


are made with 


| REYNOLDS G&S ALUMINUM 
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eliminates bulky insulation, 
improves performance, 
cuts costs of DC Arc Welders 


The Controlarc, a DC Arc Welder, manufactured by the 
Electric Products Division of Vickers Incorporated is a 
significant example of the advantages offered to today’s 
electrical designer by Reynolds Anodized Aluminum 
Strip Conductor. Here, aluminum transformer and mag- 
netic amplifier reactor strip windings eliminate the need 
for conventional, bulky insulation material because the 
anodic film on the aluminum strip serves as the insulating 
layer. This results in important production savings, pro- 
vides better heat transfer characteristics and eliminates 
hot spots. Aluminum strip has a neater appearance, costs 
less than copper wire and makes this arc welder a lighter 
weight yet more rugged unit capable of withstanding 
more severe overloads. 

For details and for the assistance of Reynolds Engineer- 
ing Service on your products or problems, call your nearest 
Reynolds Branch Office or write Reynolds Metals 
Company, P.O. Box 2346-ED, Richmond 18, Virginia. 


AVAILABLE NOW: 


Circle 157 on page 17 


Write today for these informative booklets on 
Reynolds Anodized Aluminum Strip Conduc- 
tor and Reynolds Interleaved Strip Conductor. 
They contain information on actual applica- 
tions, joining and winding and a wire gauge- 
strip conductor computation chart. 





PRECISION POWER OSCILLATORS 


MODEL 1040 


SPECIFICATIONS 
...400 or 1000 C.P.S. by selector switch 
(other frequencies on request) 
Distortion..........Less than 1% 
Hum Level... Approximately .05 % of rated output 
Output Power...3 watts into matched resistive load 
Power Supply...115 volts, 60 C.P.S., 40 watts 
Dimensions.......5-11/16 x9 x 6% inches 


OTHER MODELS AVAILABLE 
DESCRIPTION 
Sim. to Mod. 1040 


Frequencies. 


MODEL 
1040A 


POWER OUTPUT 
8 watts 


$119.00 





EXCELLENT ACCURACY AND STABILITY © TRANSFORMER ISOLATED OUTPUT © 3 OUT- 
PUT IMPEDANCES © LOW INTERNAL IMPEDANCE © OUTPUT VARIABLE UP TO 120 VOLTS 











MODEL 1500 


SPECIFICATIONS ; 


FREQUENCY 

Distortion 

Hum Level 

Output Power....20 watts 

Power Supply....115 volts, 60 CP.S. 
Dimension 84%," x19" x 8” deep 


OTHER MODELS AVAILABLE 
MODEL DESCRIPTION POWER OUTPUT PRICE 
150 Write for brochure 160 V.A. 
. $299.00 


Representatives in Principal Cities 


FINDUSTRIAL TEST EQUIPMENT CO. 
- 55 EAST lith STREET « NEW YORK 3, N. Y. 


VISIT BOOTH #4, NATIONAL ELECTRONICS CONFERENCE, CHICAGO, ILL. 
Circle 158 on page 17 


NEW! ENGRAVED 
Deep-Kut stamps 
are better than 

ordinary rubber 

3 ways 


%& ENGRAVED Deep-Kut is Acid Proof 


<8 T Eq, y 
lo 





%& ENGRAVED Deep-Kut Stamping gives 
Razor-Sharp impressions every time 


te ENGRAVED Deep-Kut has 
Cushion-Like resilience 


Engraved Deep-Kut stamp faces are 

adaptable to any marking device. 

They can be used to stamp on 

every surface, metal, wood, 

fabric, paper, plastic, etc. 

2 2 ee ee Se pee GSI 
KRENGEL MANUFACTURING CO., INC. Tel. CO 7-5714 
227 Fulton St., New York 7, N. Y 


Please check the following 


FREE ENGRAVED Deepkut ee LEE ee t 
Sample & Price List 


STREET 
Pleose have salesman coll ia 
p for appointment city. STATE 
Ss ee ee oe ee ee Ey SEG Ghee Cee me 
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a_ limited Available in wide 
choice of colors and Actuators 
and circuit arrangements are virtually 
unlimited. 

Standard duty Rockette rated 10 
amp at 250 volts and 15 amp at 125 
volts. Light duty rated 3 amp at 250 
volts and 6 amp at 125 volts. Solder 
lug, screw and 3 sizes of quick-connect 
terminals available. Cutler-Hammer, 
Inc., 230 No. 12th St., Milwaukee 1, 
Wisc. >534 


space. 
sizes. 


FLAT SNAP-ACTION SWITCH 


The S75-00A switch features a 
flat actuator suited for push-button, 
cam or interlock applications on re- 
mote TV controls, phonographs and 
radio controls. Built-in “positive stop” 


low, 


limits overtravel and prevents damage 
to mechanism. Over-center blade pro- 
vides high contact pressures and fast 
contact transfer. 

Panel measures 214 in. long, ¥% in. 
wide and switch mechanism extends 
3 in. above panel base. Switch can be 
provided with nylon insulators on actu- 
ator and many panel and terminal 
variations possible. Rated: 10 amp, 
125 volts a-c; 5 amp, 250 volts a-c; 
1/3 hp. Cherry Electrical Products 
Corp., 1650 Deerfield Rd., Highland 
Park, Il. “P3535 


TAPERED HANDLES 


Four tapered handles, with applica- 
tions ranging from machine tools to 
household utensils, are available in 
both black phenolic (shown) or a 
choice of Bakelite colors. 

Offered with option of female brass 
inserts threaded 8-32 to 14-20, male 
studs or threads, or plain cored holes. 
Lengths are 7, 114, 2%4 and 4 in. 

Can be molded for applications re- 
quiring special characteristics such as 
resistance to chemicals and heat (up 

(Continued on page 151) 
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Power-Up with new 
Westinghouse 7e:Li2e /H/ 
d-¢ motors 


= 








Wererertecerrecc rT ee 


Cleaner, cooler operation... less 


maintenance... longer, trouble-free life 


HERE’S WHY: Ordinary d-c motor ventilation systems draw air in at the 
commutator end, contaminate windings by drawing carbon dust from commuta- 
tor brush wear into the machine. In the new Life-Line’ “H,” this air flow is 
reversed. Air and carbon dust are expelled at commutator end . . . assuring 
cleaner, cooler windings . . . longer motor life . . . less maintenance. 


Plus... these other important advantages eee eee 


you CAN BE SURE...1F iTS Westinghouse 











These exclusive features of the new 


Westinghouse 


AL /M/ d-c motor guarantee 


top performance... longer, trouble-free life 


TEN TIMES LONGER INSULATION LIFE 

New silicone insulation in Westinghouse Life-Line*® ‘‘H’”’ d-c 
motors and generators stands up under temperatures which 
turn ordinary insulation to a cinder. High-temperature sili- 
cone insulation is used with the full complement of iron and 
copper required for low Class B temperature. Result: Life- 
Line “‘H” shrugs off emergency overloads and abnormal 
ambients to keep production rolling, maintenance down. 


FASTEST RESPONSE ... 35 per cent increase in com- 
mutating ability . . . up to 55 per cent lower mechanical 
inertia . . . and up to 30 per cent reduction in electrical 
inertia mean that the new Westinghouse Life-Line ‘“‘H’’ d-c 
motor provides the fastest acceleration, quickest reversing 
and closest speed regulation. This means more production, 
better product quality, minimum complexity of control. 


For information about the ways you can profitably 
put the new Life-Line “(H” motor to work, contact 


your nearby Westinghouse representative. Or, write 


GREATER PROTECTION ... most complete and 
advanced protection available in dripproof industrial d-c 
machines. Elimination of uncovered side openings . . . heavy, 
cast end brackets . . . effective seals throughout .. . all 
combine to provide outstanding resistance to liquids, vapors 
and dirt. This means longer life with greater reliability . . . 
minimum maintenance under all operating conditions. 


SIMPLIFIED MAINTENANCE .. . With the new 
Life-Line ‘‘H,”’ maintenance is not only substantially reduced 
but periodic inspections are also greatly simplified. For 
example: as shown above, Uniforce brushholder fingers 
lock out . . . brushes can be inspected or changed with one 
hand. And Uniforce tension remains constant throughout 
brush life . . . no need to adjust pressure as brushes wear. 


Westinghouse Electric Corporation, P. O. Box 868, 
3 Gateway Center, Pittsburgh 30, Pa. 
you CAN BE SURE...iF rs Westinghouse 


J1-22122 








to 500 F), extra strength, electrical 
insulation and low friction. Dimco- 
Gray Co., 207 E. Sixth St., Dayton 2, 


Ohio. >536 


MINIATURE RELAYS 

Telephone type relays are dust covered 
and equipped with various plug-in and 
solder type mountings, including 11 
pin octal. Short and _light- 
weight armatures provide fast action, 


springs 


reliability and long life. Various com- 
binations of circuit applications are 
available up to 18 contact arms, and are 
available in d-c and a-c, 60 and 400 
cycles. Kurman Electric Co., 191 Newel 
St., Brooklyn 22, N.Y. >537 


POWER TRANSFER SWITCHES 


Designed for aircraft and missiles, the 
2-position models are used to switch 
from internal to external power during 
a test of missile circuits. Although de- 
signed to function at static 
stage, are applicable wherever a se- 
lection is made between 2 
sources, 

Heavy duty model shown provides 
30 pairs of SPST contacts, rated at 28 
volts or 5 amp d-c inductive. Insulation 
between contacts and circuits is test 
rated for 1500 volts a-c (sea level) and 
is service rated for circuits up to 300 
volts d-c (at any altitude). A rotary 
solenoid throws contacts from closed 
to an open circuit in than 50 
millisec. Life tests proven of over 20.- 
000 actuations under load. Weighs 4-5 
lb. 


Even more compact is a multi-circuit 


missile’s 


power 


less 
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model weighing only 3 lb. Provides 64 
SPDT miniature snap-action switches 
housed in a hermetically sealed con- 
tainer. Airtron, Inc., 1096 W. Elizabeth 
Ave., Linden, N. J. >538 


COPOLYMER USED IN 
BAKING FINISHES ON 
METAL SURFACES 
Polyco XP 24-97, a 
butadiene and styrene made for use in 
baking finishes on metal surfaces, lends 
itself to formulation of metal primers 
and gloss finish coats, both for dip and 


copolymer of 


spray application. 

Applied to metal, it forms a film by 
customary fusion of resin particles. 
But on baking at elevated tempera- 
tures, it converts to a hard, tough, 
water- and alkali-resistant film with 
good adhesion to most substrates. Bor- 
den Chemical Co., Polyco-Monomer 
Dept., 350 Madison Ave., New York 
if a ae & >539 


ARM-AND-SAFE 
CONNECTOR 


No. 14905 arm-and-safe connector re- 
ceptacle is guarded against tampering 
while connected with “safe” side of 
unit. When switch is to be made, pull 
back on coupling ring, turn connector 
around and push in for positive con- 


nection. Special wiring within shell 
provides key to completing circuit. 
Available in all shell sizes with pin 
insert arrangements adapted to suit re- 
quirements. Clearly marked for opera- 
tional direction and meets all require- 
ments of MIL-C-5015. The Deutsch 
Co., 7000 Avalon Blvd., Los Angeles 
3, Calif. >540 


FILLER FOR RESIN SYSTEMS 


Zerifac is a ground mineral product, 
white, inert, having essentially zero 
coefficient of thermal expansion. It is 
used as a filler in virtually all resin 
systems as a means of providing good 
electrical properties, low average co- 
efficient of expansion and high thermal 
stability while keeping specific gravity 
low. 

Typical properties: particle size — 
average 10 microns; bulk density - 


TRANSFORMER 


OR 


TELEMETRY 
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GUDEBROD 


lacing tape 
holds tight! 


Gudebrod Flat Braided Lacing 
Tapes hold windings or har- 
nesses with complete knot 
security and without cutting 
through insulation. Braided of 
different materials to meet a 
variety of conditions, they are 
available wax-coated or wax- 
free, or with special synthetic 
coatings. Both industrial and 
defense users find Gudebrod 
Lacing Tapes best for consist- 
ent high performance where 
component reliability is critical. 
Year in and year out, under ad- 
verse conditions, Gudebrod 
Lacing Tapes hold tight. 


Send us your problems or your 
specifications ...we can meet 
both. Or ask for free samples 
of Gudebrod Lacing Tape today. 


GUDEBROD 


BROS. SILK CO. 


; RON 


treet 
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NEW 


KLEIN 


shear cutting plier 


Patent applied for 


207-5C shear cutting oblique plier 514 
inches long. Coil spring keeps jaws 
apart ready for use. 


Here is the greatest advance in oblique 
cutters. This new Klein tool with shear 
blades is ideal for cutting hard wire such 
as tungsten filament or dead soft wire. 
Also recommended for cutting small 
bundles of wire. The shearing action 


assures easy, positive cutting at all times. 


Regular cutters at the nose give added 
usefulness and convenience. The shear 
blade is easily replaceable. Plier never 


needs sharpening. 


This plier is supplied with a coil 
spring to keep the handles in open posi- 
tion. Can also be had with Plastisol 
dipped handles if desired. 


Write for full information 


FREE POCKET TOOL GUIDE 


A free copy of the new 
Klein Pocket Tool Guide 
will be sent on request 
without obligation. 


zs KLEIN 


7200 McCORMICK ROAD + CHICAGO 45, ILLINOIS 





LONG NOSE 


| SHEAR CUTTING PLIERS 


Patent applied for 


208-6C long nose shear cutting 
plier. A 6'%-inch long nose plier 
with shear blades. Point of nose 
Ve-inch diameter. Coil spring keeps 
jaws open ready for use. 


208-6NC. Similar in design to 
208-6C but reverse side designed 
to put a positive %-inch hook on 
the end of a resistor wire. Smooth 
one-motion operation saves pro- 
duction time on every television or 
radio set. 








ASK YOUR SUPPLIER 


Foreign Distributor: 
International Standard Electric Corp. 
New York 
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& Sons 
Chicago, tl U.S.A 


free fall 58 lb per cu ft, packed 88 lb 
per cu ft; true density — 2.422; linear 
thermal expansion (25-300 C) 
0.13 < 10° in. per in. per deg C; pH 
— 9.05; oil absorption (ASTM D281. 
31) — 22 +2. 

Low density Zerifac, added in equiva- 
lent volume of more dense fillers, yields 
good low density compounds. It is 
thermally stable to 1260 C. Foote 
Mineral Co., 18 W. Chelton Ave., Phila- 
delphia 44, Pa. >541 


HERMETIC SEAL LEAD 


“Termalok” is a metal-jacketed flexible 
lead which can be sealed directly to 
metal housing of a hermetically sealed 
device. It is also obtainable with multi- 
ple leads. 

Dip-coated layer of Teflon is fused to 
the surface of a solid conductor and a 
special high temperature sealant is 


bonded to the insulation surface, after 
which a metal tube is closely drawn 
down to a tight fit around the insulated 
conductor. This assembly is then sub- 
jected to a curing cycle that bonds the 
sealing compound to the insulation and 
the inside surface of the metal tube. 
Seal is not affected by extreme tem- 
perature variations (—90 to +200 C). 
Shock and vibration resistance of the 
assembly is excellent. Hitemp Wires, 
Inc., 1200 Shames Drive, Westbury, 
LI, N.Y. >542 


WASHERS HELD TOGETHER 
BY FLEXIBLE COVERING 


Flexi-Pak Energy Cartridges are de- 
signed for applications where pins or 
rivets cannot be used to hold washers 
together because walls are too narrow, 
or where retaining rings or cores can- 
not be used because of insufficient 
vertical or radial clearance. 

Two types of covering: a molded 
covering, which is cured around wash- 
ers while they are under a slight load; 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





HIGH SPEED STATIC SWITCHING (at half the price)! 


Sylvania Electric Products Co. engineers have just re- 
placed an electronic relay, two small mechanical relays, 
a limit switch, and a separate power supply with a single 
CONTROL switching reactor which costs only half as 
much! They did it by taking advantage of the multiple 
windings on a CONTROL switching reactor—equipment 
which, because of its static operation, never wears out. 
Seems a high speed assembly operation on one of Syl- 
vania’s complex, highly automated vacuum tube produc- 
tion machines calls for a magnetic clutch to drive an in- 
dex table. The clutch orients the work part by rotating 
it until current flows through two properly located con- 
tacts. Our CONTROL switching reactors not only cut 
costs in half, but do a job that the relays couldn’t do: pro- 
vide the ultra high speed signal necessary for proper 
switching in the automated assembly. Jt worked so well 
Sylvania said, “I'll be switched!” We said, “With a 10,000 
to one switching ratio, and ratings of 15, 75, 150 and 300 
VA, most anything for control can be!” 


Versatile, we are too! The same type of CONTROL switching reactors that 
work so well for this high speed switching also are used by Sylvania engineers 
to eliminate production breakdowns caused by relay failures in time delay 
circuits. Many pneumatic time delay relays on their production machines were 
dying young (three months of age or less). CONTROL switching reactors’ 
(which, naturally, never wear out) ‘not only have no moving parts, but do a 
dandy job with time delay relaying, easily handling 6,000 closures per hour. 
Sylvania happily expects its CONTROL reactors to last twenty years. “Right 
now,” Sylvania says, “we’re not too worried about what will happen after 
that.” Need you be any more worried than they? 


LOGIC, MY DEAR WATSON (... is elementary) 


Our educated switching reactors are masters at logic—the kind that gets 
built into automatic control operations. AND, OR, NOT, MEMORY and 
TIME DELAY-—all are built into these high IQ reactors. By employing 
several isolated control windings, one reactor can translate many inputs 
(from push buttons, limit switches or other reactors, for instance) to any 
logic needed to switch very appreciable loads. And are they easy to use! 
Order standard units right from the catalog. You need no high falutin’ 
systems engineering or auxiliary hardware (single purpose logie units, 
preamplifiers or transformers). No wonder logical people order our logic- 
providing switching reactors. Can we send complete details to you? 


. 
. 


Reliability begins with CONTROL 


Re Are 


= s an 
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A DIVISION OF MAGNETICS. INC. 
Dept. EM-54, BUTLER, PENNSYLVANIA 
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for QUALITY CONTROLS, 
RUGGED PERFORMANCE 
REDUCED MAINTENANCE 


MAGNETIC STARTERS 


Furnas Magnetic Starters, ruggedly designed 
to provide complete satisfaction, are available 
through Size 4, in a choice of 9 starters in- 
stead of the usual 5. They match the applica- 
tions from 1 to 100 hp. All are UL listed, and 
all have dual voltage coils at no extra cost. 


DRUM CONTROLLERS 


Drum Controllers are available in over 
1000 models. Their durability, ease of op- 
eration, versatility, and low cost make them 
adaptable to applications satisfied by man- 
ual control. Furnas Electric exclusively 
offers the Drum Control with built-in 
thermal overload. 


a 


PUSH BUTTONS 


Push Buttons for every need—Standard, Heavy- 

duty, and Oil Tight. Attractive appearance and 

mounting flexibility assure acceptance. Furnas 
standardization and interchangeability mean more 
variations with fewer parts. Complete accessory | 
line. 


J» Pel 


FOOT MASTER LIMIT PRESSURE 
SWITCHES SWITCHES SWITCHES SWITCHES 


Write today for free Catalog 5800, giving complete Motor Control 
information. 1024 McKee Street, Batavia, Illinois. 
A54 
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and a dipped or sprayed coating, 
which is applied to the stacks while 
they are held firmly together but re- 
laxed. 

Molded covering is sufficiently rigid 
so that it cannot be forced between 
washers and will not bulge outward in 
service. “Lips” hold washers securely, 
yet permit them to be snapped out of 
covering easily if replacement is neces- 
sary. Associated Spring Corp., Bristol, 
Conn. >543 


HYDRAULIC CYLINDERS 


Line of hydraulic cylinders for indus- 
trial applications is assembled from a 
variety of standard rod ends and head 
ends to suit specific needs. Offer a 
choice of up to 5 rod ends and 2 dif- 
ferent head ends for any type of cy- 
linder. 

Find application in military ground 
handling equipment, on shipboard in 
positioning of guns, radar and naviga- 
tional equipment. 

Double-acting and single-acting cy- 
linders available. Single-acting cylin- 
ders offered in either piston style or 
displacement style; double-acting units 
in piston style only. Working pressures 
from 1250 to 3000 psi, with intermit- 
tent pressures up to 4000 psi tolerated 
in some double-acting cylinders. Woos- 
ter Div., Borg-Warner Corp., Wooster, 
Ohio. >544 


LOCKING CONTACT 
WATTMETER 


Direct monitoring and control of elec- 
trical power by a single instrument is 
possible with this meter. With locking 
feature, high and/or low limits of 
wattage may be preset, with control 
action being initiated when limit is 
reached. Limits set by pointers that 
may be turned anywhere on dial. Con- 
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KEEP UP-TO-DATE ON MAGNETICS 


See the air-gap on this new 


lamination for 


Look at the air-gaps on this new performance-guaran- 
teed lamination we have developed and are stocking. 
The F-187’s fixed air-gap provides constant inductance 
or linear inductance, as needed, because it prevents d-c 
saturation of the stacked core. 

The F-187 “6” wide center leg is designed for minia- 
turized filter circuits for communication applications. 
It is ideal for carrier equipment, and can be used most 
successfully for microwave, computer or other applica- 
tions where frequency control is critical. 

Being an “F” shape, the new standard stacks more easily 
than EJI-187, and thus offers welcome savings on the 
production line. There can be advantages to you, too, 
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miniaturization 


in being able to order any quantity, prototype or pro- 
duction, directly from stock. 


There's more detailed information on this new member 
of Magnetics, Inc. family of “Performance-Guaranteed” 
laminations—and all of our other standard laminations. 
Just write—Magnetics, Inc., Dept. EM-19, Butler, Pa. 


AJ 


MAGNETICS inc. 
a | 


on page 17 





a-c gmall motore 


BARBER 
COLMAN 





high-torque unidirectional types 


for 
quick, positive 
starting 


Outstanding for their high starting 
torque and low-inertia rotors, 
Barber-Colman motors are first 
choice for many of the nation’s leading 
manufacturers. Low noise level... 
high dielectric strength coils . 
precision construction . 
compactness. . . long- life lubrication 
. anda quality guarantee backed 
by 30 years’ experience are among 
the many other features of these 
motors that will assure long, 
trouble-free service in your product. 


TYPE 8 


A high-quality motor at low cost 

that gives you a strong compe- 

titive advantage. Power output 

and starting torque exceptionally 

high in tion to size. Other 

“plus” features include alignable — A TYPE F TYPE R 

bearings ie long-life lubrication —_ ry a mn rag engped _— rin ac — 
ili il hardened crampe quarters tative oOo weilg olman motor tor 

+++ @uKiliary oll Cups... Smallest unidirec- ratio while main- heavier power re- 

and ground stainless stee! shafts tional core-type taining exceptional- quirements up to 


* the line, | ood starting 1/20hp. Heavy-dut 
ratings up to | og. Bag &.. 8 ° Ayer 
se ote /200 bp. yet has good start- torque Porows construction for the 
ing torque and bronze bearings, most exacting ap- 
power output large oil wicks plications 





Open and enclosed geared types 


for longer life 
at lower cost 


For longest life per dollar invested put 
Barber-Colman geared motors into your 
product. High-quality construction through- 
out . . . accurately hobbed gears, all of 
which are of properly heat-treated steel 
(except first step Textolite gear for quieter 
performance) high torque, positive 
starting. 


TYPE DZ — Open-type, double-gear plate motors for 
applications requiring a rugged, long-life motor. 
signed to handle overhanging loads. Available in uni- 
directional, reversible, and synchronous models. 

TYPE HZ — Low-cost, rugged, compact, high-torque 
motors available in unidirectional, reversible, and 
synchronous models. 

TYPE PZ — Enclosed Don construction for mounting 
externally to driven device. Unidirectional, synchro- 
nous, and reversible models 





FREE CATALOG HELPS SELECT MOTOR NEEDED 

Get the helpful condensed catalog of Barber-Colman shaded pole 
small motors. Contains complete descriptions of above motors, shows 
typical specifications, performance characteristics, control circuit dia- 
grams. Write for your copy. 


BARBER-COLMAN COMPANY 
Dept. J, 1203 Rock Street, Rockford, Illinois 


Small Motors * Automatic Controls * Industrial Instruments ¢* Aircraft Controls 
Electrical Components ° Air Distribution Products * Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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trol action may be any of a number of 
forms. 

Instrument designed by adding core 
magnet movement to movement of 
standard dynamometer-type wattmeter. 

In available models, capacity of field 
coil ranges from one to 20 amp a-c. 
Calibrated so that with given amperage 
limit, watts may be read and controlled 
on dial when nominal voltage is 110, 
220 or 440 a-c. Standard rating of core 
magnet coil and contacts is 25 ma d-c, 
75 to 125 volts. Assembly Products, 
Inc., 75 Wilson Mills Rd., Chesterland, 
Ohio. >545 


LIGHT WEIGHT SLIDE 
SUPPORTS HEAVY WEIGHT 


The No. 4000 slide requires only 1 in. 
side space on either side, and will sup- 
port a weight of 350 lb per pair. 
Sturdy, clear anodized aluminum 
construction gives corrosion-resistant 


qualities coupled with lightness of 
weight and structural rigidity. Thin, 
yet strong nature of slide makes it 
suited for rugged field operations. 
Smooth, ball-bearing action allows 
slide to function without difficulty, 
carrying capacity loads without effort. 
Available in lengths of from 10 to 40 in. 
Installation a simple matter because of 
positioning of pre-drilled installation 
holes set at standard intervals. Indus- 
trial Slide Div., Grant Pulley and Hard- 
ware Corp., High Street, West Nyack, 
, ee >546 


PRINTED CIRCUIT 

DRAFTING AIDS 

Time-saving conveniences for making 

printed circuit master drawings have 

been provided by addition of decimal 

sizes and several new shapes to line. 
Universal corners are nests of 4 con- 

centric rings from which segments may 

be cut to provide any desired angle and 
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radius for drawing printed wiring when 
used with narrow tape of corresponding 
width. Black pressure-sensitive tape is 
slit to any fractional or decimal width 
in full 60 yd rolls. 

For terminal areas, over 50 fractional 
and decimal donut type pads and tear- 
drop combinations are available. The 
donut pads are provided in overlapping 
strips under name of “Kwiky-Dots.” 
Each donut pad is slightly overlapped 
by adjoining donut pad. By-Buk Co., 
4314 W. Pico Blvd., Los Angeles 19, 
Calif. >547 


POSITIVE ACTION 
MILITARY SWITCHES 


Line consists of 2 categories of switches 

lever lock and toggle lever operated. 
Environment-sealed or lever-sealed types 
available. 

Features include: higher toggle oper- 
ating forces — approx double that of 
previous types; lever seals bonded in 
place; “on” to “off” with 1 deg lever 
snap action; positive detent action; 
superior insulating material increases 
are tracking time; lever movement 
independent of springs results in posi- 
tive opening action; wiping contacts; 
stronger return springs for positive 
momentary action; terminal arrange- 
ments which allow for increased clear- 
ances; numbered terminals. 

Designed for operation in aircraft, 
missile and electronic applications. 
Cutler-Hammer, Inc., 230 N. 12th St., 
Milwaukee 1, Wisc. >548 


HYDRAULIC PUMP 
MOTOR ADAPTER 
Hydraulic pump motor adapter makes 
company’s Tri-Clad °55 a-c motors 
available as hydraulic pump motors. 
Fits on the end shield of motors and 


— 


4 
i amy > 


permits installation of almost any 
flange-mounted hydraulic pump directly 
on motor. 

Open construction eliminates hard- 
to-maintain internal splines. Auxiliary 
sheaves can be used with coupling and 
adapter since sufficient clearance is 
provided. Another feature is cast-iron 
construction. 

Adapter also allows for cheaper in- 
stallation since only the pump (rather 
than pump and motor) has to be lined 
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BARBER 


COLMAN emall motors 





quick solution to 
space problems 


NEW 


1-1/4” diameter 
permanent 
magnet motor 


Let this compact, new Barber-Colman 
FYLM d-c motor help you answer 
design problems calling for limited 
motor area. Only 1.25” diameter . . 
length 1.77” to 2.40”. Capable of 
operating in ambient temperatures 
from —65°F. to +200°F, a typical 
continuous-duty 26-volt motor 
rated 15 millihorsepower at 9700 
rpm, requires 0.6 ampere, and 
weighs 0.33 Ib. 
of a half dollar, thisnew space- e 
saving, weightsaving d-c motor 
fits neatly into problem spaces. 
Explosion-proof cylindrical en- 
velope. Designed to MIL-M-8609 
specifications. Write for techni- 
cal bulletins. 


‘full size 


Patented symmetrical progressive 
lap winding. 


@ Double shielded bali bearings. 


Output shafts up to 3/16" may be 
specified. 


Dynamic braking can be utilized. 





THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out- 
put up to 1/10 hp . . . permanent magnet and split 
series types . . . various mountings and speeds... 
also available with gearheads or blowers. Tach 
Generators for accurate speed indication and 
servo rate control applications. Choppers that 
require extremely low driving power. Resonant 
Relays characterized by low operating power, 
narrow band width. Ultra-Sensitive Polarized Re- 
lays operating on input powers as low as 40 micro- 
watts. 400 Cycle A-C Motors for aircraft and 
missile applications. 





TECHNICAL BULLETIN SERVICE 
on all Barber-Colman electrical 
components. Detailed specifica- 
tions, performance data, circuitry 
drawings. Write for bulletins on 
: any or all products, 
“ Pers 


BARBER-COLMAN COMPANY 
Dept. J, 1803 Rock Street, Rockford, Illinois 


Electrical Components * Small Motors * Automatic Controls * Industrial Instruments 
Aircraft Controls ° Air Distribution Products ° 
Molded Products * Metal Cutting Tools ° 








Overdoors and Operators 
Machine Tools * Textile Machinery 
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up. Size varies with sizes of motor and 


pump to be used. General Electric Co., 
Schenectady, N. Y. »549 


wan EROVOX 


MODULAR PRE-SET COUNTERS 


Model 320 series is available in every 
size from 2 to 6 digits in standard line. 
Each instrument consists of one plug- 
gable amplifier and control unit plus 
any combination of pluggable 2- and 
3-decade modules. 

Designed for 
batching, winding and packaging, unit 


counting, sorting, 


“PRINTED RESISTOR” 
AC CAPAC/TORS 


Fixed carbon resistors soldered 
across capacitor terminals are now 
made old-fashioned and obsolete by 
Aerovox’s new “printed-resistor” AC 

capacitors. Developed especially for 
manufacturers of air-conditioners, 
these new units establish completely 
new standards of safety 
and reliability. 
Aerovox “printed resistor” units 
automatically bleed voltage out 
of capacitor when the circuit is 
turned to “off” position to 
prevent point burnouts in relays. 
This also provides for safer 
servicing by eliminating charge 
normally left in the capacitor. 


will count at max rate of 5000 counts 
per sec, accepting any standard wave- 
form. Either a-c or d-c coupled imputs 
may be selected from front panel. Input 
1 psec will pro- 


widths as short as 
Photocell input 


vide adequate drive. 
provided. 
Depending upon number of decades 
used, operator may set in any number 
from 1 to 999,999 (6 decades) by se- 
lecting decade switches to desired num- 
ber. Will count until total is reached, 
| at which time, coincident with last 
imput pulse, unit provides an output 

pulse. Erie Resistor Corp., 644 W. 12th 
>550 


St., Erie, Pa. 


BEAM POWER TUBE 
Designed specifically for applications 
where dependable performance under 
| severe shock and vibration is essential, 
the RCA 7212 is a small beam power 
| tube useful as an r-f power amplifier 
and oscillator as well as an a-f power 
amplifier and modulator. 


SAVES TIME Tube has a maximum plate dissi- 


FASTER assem- 
bly opera- 
tions. No 
leads to cut, 
no cluttered 
terminal as- 
semblies! 


SAFER SERVIC- 
ING by elimi- 
nating charge 
normally left 
in capacitor! 


INSURES 
against point 
burnouts. 
Bleeds volt- 
age out of ca- 
pacitor when 
circuit is 


AND MONEY 
throughfaster 
assembly, no 
faulty con- 
nections or 
costly down 
time! 


turned off! 


“PRINTED RESISTOR” UNITS ARE AVAILABLE IN THE FOLLOWING STANDARD VALUES: 
30% — 1-13/16 dia. cover 
30% —1- 7/16 dia. cover 
30% —2- 1/16 dia. cover 
30%, — 2- 9/16 dia. cover 


15,000 ohm — 2-watt 
15,000 ohm — 2-watt 
20,000 ohm — 4-watt 
20,000 ohm — 4-watt 


For full information and technical details write to: 


AEROVOX CORPO 


NE WwW BEDFORD, MASSACH 


ATIO 
USETTS 
ELECTRICAL MANUFACTURING 
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parts plating ? 


Use Sylvania 
Plated Metal Strip 


Avromation-wise, plating metal 
parts after stamping can be waste 
motion and interrupt flow. Designers 
have found they can often eliminate 
the plating step by starting with plated 
metal strip. Production and assembly 
of parts can then be incorporated into 
continuously automatic production 
lines, smoothly and economically. 
With: its unique plating process, 
Sylvania can plate metal strip on a 
single side or on both sides; can plate 
one side heavy, the other side thin; 
and can plate each side with a different material. 

We’ve already plated base metals of steel, stainless, 
brass, bronze, copper, nickel, and aluminum with nickel, 
tin, silver, and copper. Strip up to .040” thick and 10” wide 
can be plated up to .005” thick per side. Some unusual 
combinations are in development to meet special needs— 
maybe you have a custom plating requirement too. 


Let us know your needs or write for our Plated Strip Technical 
Bulletin. Write to: 
SyYLVANIA ELEcTrRIC Propucts INc. 
Parts Division, Warren, Pa. 


Custom Molded Plastics 


Custom Metal Stampings 
Custom Welded Parts 
Alloy, Clad, Plated Wire 


Plated Metal Strip 


LIGHTING + TELEVISION + RADIO + ELECTRONICS Electronic Components 
PHOTOGRAPHY» ATOMIC ENERGY + CHEMISTRY-METALLURGY Fivorescent Components 
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pation of 25 w under ICAS conditions 

fs in modulator service and in c-w serv- 

e2 _ ice. In the latter service, it can be 

fas. SS operated with full input to 60 mc and 

gd r : with reduced input to 175 mc. Because 

ef its high power gain and high 

sie efficiency, the 7212 can be operated 

Exceeds eed with relatively low plate voltage to 
give large power output with small 


driving power. Electron Tube Div., 


] a Radio Corp. of America, Harrison, 
ee >551 
Grades! MINIATURE HEXAGONAL 


CONNECTOR 


Space-saving connector is designed for 
use in small electronic instruments, 
portable field equipment and aircraft. 

Fast, easy disconnect and_ positive 
polarization add to reliability of Se- 


“Resinite 


SUPER-HEAT 125 = ™ i ries C-18 connectors. Plug and recep- 
VINYL INSULATION i ;. } tacle available in 4, 5 and 7 contacts 
SLEEVING mF hy : of phosphor bronze and brass. Cur- 


rent-carrying parts gold-plated over 
silver. Hoods available with or with- 
out cable clamp, and screw down over 
plug or socket. 

Molding compounds include min- 


eral-filled Melamine, Plaskon _ rein- 

r e ] forced (glass) Alkyd and Orlon or 

N OW available in b COLO RS mineral-filled diallyl phthalate. DeJur- 
B Amsco Corp., Electronic Sales Div., 


45-01 Northern Blvd., Long Island 
Even where 105°C applications require vinyl sleeving in identifying colors, you City 1, N. Y. >552 
can now take advantage of the extra margin of safety and longer service 
provided by Resinite Super-Heat 125. This outstanding material far exceeds 
105°C requirements, yet costs no more. 

PLASTIC BEZELS 


EXTRA-WIDE TEMPERATURE RANGE SUPERIOR OIL RESISTANCE Series of plastic oscilloscope bezels 
Effective from — 42°C to 125°C Withstands prolonged exposure to end’ asseteeed hardens ts whe 
AMAZINGLY TOUGH hot oil, tar, varnish and pitch. of high-impact, heat-resistant epoxides. 
Highly resistant to abrasion and FULL SIZE RANGE EP-Bezels are produced in 1 in. and 
cut-through. 018” L.D. through 2” 1.D. 3 in. sizes. Black, red, green, blue and 
HIGH DIELECTRIC SOFT-WOUND SPOOLS 

1000 volts /mil average —wet or dry. Exclusive Resinite “‘soft-wound” 

5 COLORS spooling assures full-round 

Black, white, blue, yellow, green. (not flattened) sleeving. 


For your 105°C requirements, get the SUPERformance of Resinite Super- 
Heat 125. Call your distributor or write for samples and technical data. 


(eer ay 


THE ZIOTUE/A CHEMICAL COMPANY Resinite Department 
Plants: Santa Barbara, Calif. + No. Andover, Mass 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELOS 
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Monel woven wire filter protects Sundstrand 
fuel unit from foreign particles — easy 


to clean, too. Made by Sundstrand Machine 
Tool Co., Hydraulic Div., Rockford, Illinois. 


Filter out trouble with Monel wire cloth 


Take a tip from Sundstrand design- 
ers. Filter out trouble in your appli- 
ances with Monel* nickel-copper alloy 
wire cloth. 

To protect their first fuel units 
from foreign particles, Sundstrand 
designers began specifying Monel 
wire cloth for filters back in 1934, 
and seven million units later they are 
still specifying Monel alloy for these 
filters. 


Says Mr.C. W. Lang, Sales Manag- 


er at Sundstrand, “Monel is the best 
material we know of for fine wire 
mesh such as is used in our fuel 
units.” 


You design out filter troubles... 
from acid, caustics and other corro- 
sives .. . from vibration, abrasion 
and hard use... when you specify 
Monel wire cloth for your filtering 
applications. You get strength, dura- 
bility, hardness . . . low-cost service 
over the years. What’s more, it’s easy 


to fabricate — to form, weld, braze, 
solder. 

You get a bonus in fine Monel mesh 
— cost is competitive with less dura- 
ble materials! 

Produced by weavers throughout 
the country —ask us for handy “Buy- 
ers Guide to Established Weavers.” 


“Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street aiko, New York 5, N. Y. 


INCO NICKEL ALLOYS 
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Thickness Nominal 


eflo 


Vour Best 
Source Ip | = 


% 36x 36* 
Y% 48x 48* 
% 


VY. & Up 
* Can be furnished 
in Ya sheets 


HERE’S WHY: You can DIAMETER INCHES 


: ‘ : ; 
order in quantity and in : Me 
a wide variety of sizes— % Iv 

° "e 1% 
and be certain of complete} 4% 1% 


. h ly, 
uniformity throughout. = 1% 


Our strict density control z A . 
8 4 
assures you thoroughly “a 


Other diameters 
on specification 











non-porous Teflon— 

free from any flaws which 
might possibly affect 
your end use or product. 





Dimensions are accurate 
to your most critical 
” TYPICAL SIZES 

tolerances—no rejects, INCHES 
waste of material or loss 0.d. 1.0. 

° Va 
of time. You get product Vp 
purity—Teflion at its 
best in every one of its 
remarkable characteristics. 





Delivery is prompt—you 
Characteristics of Teflon 


CHEMICAL 
Completely inert. 
ELECTRICAL 
Very high dielectric strength. 
Extremely low power factor. 
THERMAL 
Temperature range 
—300° to +500° F. 
MECHANICAL 
Strong, flexible, weather 
resistant. 
LOW COEFFICIENT OF FRICTION 
Absolutely non-stick. 


get the quantity you 
want when you want it. 

Since the availability of 
Tefion, “John Crane” 
engineers have worked 
with Industry to successfully 
solve innumerable problems and 
develop new applications. You can 
benefit from their experience 


and know-how. 
* DuPont Trademark . 


Request full information and ask for our bulletin, The Best in 
Tefion. Crane Packing Co., 6424 Oakton St., Morton Grove, 
I11., (Chicago Suburb). 

In Canada: Crane Packing Co., Ltd., Hamilton, Ont. 


CRANE PACKING COMPANY 
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white are some of the colors that can 
be specified. Special sizes and shapes 
produced upon request. Electronic 
Plastics Corp., 657 Barbey St., Brook- 
lyn 7, N. Y. >553 


FANNING STRIPS FOR 
TERMINAL BLOCKS 


Fanning strips, for use with medium 
duty sectional pres-SURE-blocks, elim- 
inate handling of individual wires and 
reduce re-wiring errors. Designed for 
use with any medium-duty pres-SURE- 


Fanning strip 


Terminal block 


block having tubular contacts and 
adaptable to usage in other applica- 
tions. 

Accommodate stripped wires from 
No. 18 through No. 10 or equivalent 
combinations of 2 or more wires. Strips 
may be butted end to end without 
losing any block circuits. Painted 
marking area provided for circuit 
identification. 

Only ™46 in. high with contacts on 
46 in. centers; 24 circuit strips are 
only 10%, in. long. Buchanan Electri- 
cal Products Corp., 225 Route 22, Hill- 


side, N. J. >554 


CANNED BOBBINLESS 
RESISTORS 


Welded case construction insures a 
hermetic seal for a new line of bobbin- 
less precision wire-wound resistors; 
welded terminations practically elim- 
inate noise. Bobbinless construction 
avoids stress and strain on the wire 
under extreme environmental condi- 
tions. Made in two sizes of 14 w at 
250 volts d-c, and 144 w 500 volts d-c 
continuous, in range of 0.1 to 750 k 
ohms with tolerances of 0.05 per 
cent at 25 C. Temperature range is 

65 to +125 C. R-2 case is *%4 in. 
long, '‘64 in. diam; R-5 case, 7%4 in. 
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A UNIQUE Ro 
FACE Ak \N 

TRANS| ( ARE 
BOTH NED IN 
K&F eRCULENE 


FOR PENCIL 


Excellent ‘“‘take’’... 
compiete erasability 
for all three 


-:: AND TYPING 


ium you can use, 


Now K&E provides the ultimate “3-way” surface 
for super-tough HERCULENE” Drafting Film 


Only K&E Herculene Drafting Film 
has a surface perfectly engineered for 
pencil, ink and typing... plus the ex- 
treme toughness and durability of a 
DuPont “Mylar®” film base. You get 
the absolute assurance of superior 
“take”, And Herculene erases easily 
and quickly without the need for 
erasing or correcting fluids. 

Virtually indestructible, Herculene is 


so tough you can hardly tear it. It can’t 
be damaged by moisture. And it’s 
permanent... your drawings are resist- 
ant to damage by aging or handling. 
Herculene has “balanced” trans- 
parency .. . just the right combination 
of high actinic transparency for repro- 
duction with essential visual opacity for 
drafting. You get sharp, legible repro- 
ductions at high machine speeds. And 


you can make prints from a Herculene 
Drawing indefinitely without its yellow- 
ing or tearing, cracking or becoming 
brittle. 

Herculene is economical too. . . costs 
only a few cents more than cloth. Prove 
these facts for yourself by writing today 
for a free sample. Just clip and mail the 
coupon below. 


eee ee eS a a ea ee rn 


KEUFFEL & ESSER CO., Dept. EM-10, Hoboken, N. J. 


I want to see a sample of the new K&E Herculene. 


Name & Title: 
Company & Address: 
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What Switch has 
ail these Features? 


KIRKWOOD'S 


NEW 


UNI-TOG SWITCH 


This patented device gives 
split-phase and capacitor 
motors (900 to 3600 RPM) new 
efficiency. Cut switch-installa- 
tion time with the UNI-TOG; 
no adjustment needed. Switch, 
brushes and contact rings 
make a single unit. 


SPECIFICATIONS 


UT-A FRACTIONAL—40 Amp 
2” diameter 

UT-B INTEGRAL—60 Amp 
2'2"' diameter 

UT-C INTEGRAL—80 Amp., 


3” diameter 
All switches also available in nor- 
mally open position. 
There’s even more to the UNI- 
TOG Story.-Write for literature 
or send us your specifications. 


tht 7 
of w~e 


* C) 
*“aas® 


KIRKWOOD 


COMMUTATOR CORP. 


4855 W. 130th St., CLEVELAND 11, OHIO 
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long, 2%4 in. diam. General Tran- 
sistor Corp., 91-27 138th Place, Jamaica 
35, N. Y. ->555 


TRANSISTORIZED 
AMPLIFIERS 


Transistorized amplifiers one-third the 
size of equivalent tube type units need 
no filament power and only 20 per cent 
of the plate power required by tube 
type amplifiers. Designed to amplify 


ttn etstal 
signals from transducers to feed into 
meters, recorders or telemetry equip- 
ment. 

Operating at range of —65 to +240 
F, instruments are for use in missiles 
and aircraft. Models F-510TU and F- 
528LU have high input impedance and 
a continuously variable gain, permit- 
ting direct use with variety of trans- 
ducers without fall-off at low frequ- 
encies. 

Weigh only 4 and 4.5 oz, and main- 
tain linearity within 2 per cent up to 
max overload and gain stability within 
5 per cent of temperature range. Oper- 
ate with recommended min load of 10 
k ohms. Gulton Industries, Inc., 212 
Durham Ave., Metuchen, N. J. ~—>556 


MINIATURE GLASS 
TRIMMER CAPACITOR 


Expanding-core miniature variable cap- 
acitor will maintain its set value under 
conditions of vibration and 
shock without undue stress. Has good 
retrace characteristics with no tendency 
toward “loop-backs.” Full-floating pis- 
ton assures positive mechanical align- 
ment. 


Available 


severe 


in glass dielectric and 


silver-plated brass, it is locked in a 
standard panel mounting with a speed- 
nut, permitting easy micrometer ad- 
justment. Quartz and Invar units avail- 
able for special applications. Its 3/16 
in. diam and 25/32 in. length give a 
range in excess of 0.5 to 5.0 uyf. Atlas 
E-E Corp., 47 Prospect St., Woburn, 
Mass. >557 


TWO-STAGE REGULATOR 


All-purpose 2-stage regulator combines 
features of magnetic and electronic 
amplifiers. Features are electrically 
isolated inputs, compactness and mini- 
mization of drift. 

Regulator applied on adjustable- 
voltage d-c drives and other applica- 
tions for voltage and current regula- 
tion in speed, tension, position and 
similar systems. 


The Bulletin 5100 Type “GS” regula- 
tor available in 3 sizes: 5 amp max, 
12.8 amp max and 36 amp max, with 
intermediate ratings available. A-C 
supply 220/440/550 volt, single-phase, 
60 cycles. Standard modifications for 
timed rate response, current limit con- 
trol and dual regulation provided. 
Clark Controller Co., 1146 E. 152 St., 
Cleveland 10, Ohio. >558 


PREAMPLIFIER 


Preamplifier PA-620 is designed to 
make available at the ultrasonic trans- 
ducer output a tuning coil which will 
resonate at all frequencies from 6-70 
me, with fixed capacity of crystals 
which may reach 100 puf in ultrasonic 
work; narrow pass band and improved 
signal-to-noise ratio; provide _ light- 
weight pickup head to be placed closer 
to object being tested; provide means 
for varying band width. 

Unit has 2 stages, both of which have 
separate switches for introducing differ- 
ent resistors and tuning coils into cir- 
cuits. Tuning coils are slug-tuned and 
can be varied to peak signal at any 
frequency. First stage may offer con- 


(Continued on page 168) 
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THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio 


If it’s accuracy 
you're after, 


Sometimes a mere “bull’s-eye” 


isn’t enough. Die casting can be like that 
. where a little extra accuracy makes 
a big difference. We’ve been offering 


quality aluminum and zinc alloy castings 


In Canada — Hamilton, Ontario 


call a Hoover Man 


for 36 years for varied industries, and 
they seem to like our pin-point precision. 
Maybe Hoover has the answer to your 
die casting problems, too. Why not call 


one of our Sales Engineers and find out? 


Die Casting specialists since 1922 @ 


DIE CASTING » HOOVER 
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New Sizes ! OHMITE” 


VT2 


saa 





EXPANDED LINE! EXCLUSIVE FEATURES! 


OHMITE, universally recognized manufacturer of high quality electrical components, 
now Offers industry an expanded line of variable transformers. The three basic models 
listed below provide current ratings sufficient to meet a large percentage of industrial 
applications. The new line is available in enclosures, tandem assemblies, and other 
modifications. Ohmite, the only manufacturer in the industry producing both power 
rheostats and variable transformers, offers rheostat-transformer tandem combinations. 


UNSURPASSED OHMITE CONSTRUCTION! 


Note all these advanced Ohmite “‘v.t.” features: greater capacity for equal size—Models 
VT2 and VT4 offer a “bonus” in current at no increase in cost over comparable com- 
petitive units; positive current transfer, achieved in all “‘v.t.”” models—a pigtail from 
the brush to a large slip-ring contacts a large area of the terminal; table or panel mount- 
ing—on Models VT4 and VT8, shaft can be positioned for panel or table use; inter- 
changeable with other popular types of variable transformers—Model VT2 has single- 
hole mounting, Models VT4 and VT8 match popular 3- or 4-hole mountings; reversible 
direct reading dial—calibrated on one side for normal line connection and on the other 
side for overvoltage connection; heavily plated rhodium brush track guarantees 
longer, trouble-free performance. 


BASIC MODELS 


MODEL VT2 MODEL VT4 MODEL VT8 

Input voltage: 120v, 60 cycle. Input voltage: 120v, 60 cycle. Input voltage: 120v, 50/60 

Output voltage: 0-132, 0-120. Output voltage: 0-140, 0-120. cycle. 

Max output at any brush set- Max output at any brush set- Output voltage: 0-140, 0-120. 

ting: 1.5 amp. ting: 3.5 amp. Max output at any brush set- 
ting: 7.5 amp. 


AVAILABLE FROM OHMITE DISTRIBUTORS OR DIRECT FROM FACTORY 





RHEOSTAT—TRANSFORMER 
TANDEM ASSEMBLIES 


MANY VARIATIONS 
Transformers can be provided 
with many variations to meet 
different requirements such as 
special shafts, mountings for 
varying panel thicknesses, aux- 
iliary switches, taps on trans- 
former winding for fixed inter- 
mediate voltages, and motor 
drives for remote control or 
servo-operation. 
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LEE 


“Uy” Variable Transformers 


INDUSTRY'S MOST ADVANCED DESIGN! 


arias ee ne eee ee ee ee ee 
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Ohmite Variable Transformers are available in enclosures for 
portable or fixed use (back-of-panel or surface mounting). 

ENCLOSURES Units feature modern styling, rugged construction, and are de- 
signed for convenience. 





Lame EE EE SR RE Oe eee eee 


Ohmite Tandem Assemblies can be furnished in all three sizes 
TANDEM of Ohmite Variable Transformers. Exclusive! Ohmite can also 
ASSEMBLIES provide tandem assemblies combining famous Ohmite Power 
Rheostats, and Ohmite Variable Transformers. 


Write for Bulletin 151 


® RHEOSTATS RESISTORS RELAYS 
TAP SWITCHES R.F. CHOKES 
VARIABLE TRANSFORMERS 
TANTALUM CAPACITORS 


MANUFACTURING COMPANY 
3613 HOWARD STREET * SKOKIE, ILLINOIS 
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COMPACT, 3-OUNCE TIME DELAY RELAY 


with silicone-controlled 
delay from 1/4 to 120 seconds 


Worth a closer look ... the Heinemann Type A Silic-O- 
Netic Relay. Despite its small overall size, the relay offers 
many big performance features. 


For example, double-pole, double-throw switching .. . at 
fast snap-action contact speed. 


The relay is a load carrier in itself: it may be energized 
continuously . . . does not require auxiliary lock-in circuits. 


And it has a hermetically sealed time element that is forever 
free from the effects of aging or fatigue. The Type A Relay 
has proven itself in countless applications; it will give you 
reliable service over a long, long operational life. 


=] d) tee) od Oo 


Time Delays: from 1/4 to 120 
seconds 
For full details, refer to Bul- 
letin T-5002. A copy will be 
sent on request. 


Overall Dimensions: 2-1/16 
x 2” x 1-9716 

Contact Capacity: 3 amps at 
120V AC, 1.5 amps at 240V AC 
non-inductive load), 1 amp at 


io) 0)" fam DL Gam @ ho ae 111] o> | am 20) am ©] OB 


HEINEMANN 


LECTRIC COMPANY 


99 Plum St., Trenton 2, N. J. $.A. 1678 
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siderable gain, while second stage, 
being a cathode follower, allows a long 
cable to be used in going to main am- 
plifier. 

Designed to operate with the WA-600 
amplifier, which is equipped to provide 
necessary power. Arenberg Ultrasonic 
Laboratory, Inc., 94 Green St., Jamaica 
Plain 30, Mass. >559 


MINIATURE PRECISION 
POTENTIOMETER 


Model 106 potentiometer combines 
accuracy of performance with minia- 
turization. Features an_ electronically- 
wound resistance element and_ is 
available with resistance up to 50 k 
ohms and with a resolution of 0.07 


per cent. The use of Class 5 ABEC 
stainless steel ball bearings assures 
very low torque and excellent electri- 
cal accuracies on companion Model 
106-C. Can be supplied with taps and 
in ganged assemblies. Servo and bush- 
ing mounts are also available. George 
Rattray and Co., 116-08 Myrtle Ave., 
Richmond Hill 18, N. Y. > 560 


MINIATURE TRIMMER 
POTENTIOMETER 


Weighing 2 grams, the W-10 will oper- 
ate in temperature range from —55 to 
200 C, and will meet 20 ¢g vibration at 
125 C and up to 100 g’s shock in all 
directions. Handles 2 w at 70 C to 0 
at 200 C. and has resistance values 
from 10 to 150 k ohms. 

Features include: all-welded internal 
connections; welded connections and 
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The Reference Encyclopedia 
of Electrical Sheets 


The Electrical Steel Sheets Engi- 
neering Manual, published by United 
States Steel Corporation, has always 


from United States Steel  ceciuiscinersrlerence shalt 


electrical designer’s reference shelf. 

The latest issue—the Fourth Edi- 
tion—contains the most recent mag- 
netization, core loss and other mag- 
netic curves for both grain-oriented 
as well as random-oriented silicon 
steels. Also included in this publica- 
tion are a great variety of engineer- 
ing data along with characteristics of 
many non-silicon steels. 


If you do not have this reference 
book on hand, send for a copy. 
Write, on your company letterhead, 
to United States Steel, Room 2801, 
Pittsburgh 30, Pa. Ask for the Elec- 
trical Steel Sheets Engineering Man- 
ual, Fourth Edition. 
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USS is a registered trademark 
United States Steel Corporation — Pittsburgh e 
Columbia-Geneva Steel - San Francisco 
Tennessee Coal & Iron - Fairfield, Alabama ni e a eS ele 
United States Steel Export Company 
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NOW! stocked for immediate delivery 


VS-250: 250 watt capacity 
VS-500: 500 watt capacity 


| VOLTAGE 
OH STABILIZING 
° TRANSFORMERS 


provide instantaneous, automatic stabilization to within 
+ 14% for voltages from 95 to 130 V. A.C. 


These CHICAGO units, of static-magnetic design, are now 
stocked for immediate delivery through electronic parts dis- 
tributors. CHICAGO voltage stabilizing transformers offer you 
many important advantages: 


EXTREMELY CONSTANT OUTPUT: +14°) for input fluctuations 
from 95 to 130 volts A.C. with rated output of 117 volts, 
A.C., 60 cycle 

RAPID STABILIZING ACTION—usually a few cycles or less 


UNAFFECTED BY POWER FACTOR — or changes in load 


ISOLATION TYPE— provide complete isolation between input 
and output circuits 


BUILT-IN CURRENT LIMITING CHARACTERISTICS — protect load 
equipment from excessive fault currents 


% WO MOVING PARTS—eliminates maintenance problems 


CUSTOM DESIGN SERVICE: Units of other capacities, voltages and fre- 
quencies, or units to be built into your equipment, can be designed 
and produced in production quantities. 


For complete details on these units write for Chicago Standard 
Bulletin CT-44 or see your Chicago Standard distributor. 


CHICAGO STANDARD TRANSFORMER CORPORATION 


3501 Addison Street « Chicago 18, Illinois 


Export Sales: Roburn Agencies, Inc. © 431 Greenwich Street « New York 13, N.Y. 
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winding potted in high-temperature 
epoxy; rotating and sliding connections 
for positive contact with wiper; ratchet- 
ing design that eliminates backlash at 
any point: spring-loaded “U” washers 
which maintain positive screw tension 
and prevent rotating and wear. Atohm 
Electronics Div.. Bruce Industries. 515 
E. Rosecrans Avenue, Gardena, Cali- 
fornia. >561 


HIGH SPEED ROTARY 
SWITCHES 


Typical switch (illustrated) is a double 
rotor unit with 80 contacts per pole. 
Can be operated at speeds up to 600 
rpm with a min life of 1500 hr. 

Unit is 4% in. in diam, 2% in. 
deep. Has make-before-break action 


and cannot bridge 2 contacts for more 


than 1 deg of rotation. Bridging tol- 
erance is : ly deg. Voltage between 
contacts is 10 volts max, and current 
rating is 10 ma in this particular ap- 
plication, although higher ratings are 
available. 

Other variations such as different 
speeds, sizes, number of poles and po- 
sitions available. The Daven Co., 536 
West Mt. Pleasant Ave., Route 10, 
Livingston, N. J. >562 


HERMETICALLY-SEALED 
COUNTER 
Model 5-YE-9156-ER is a hermetically- 


sealed counter with electric reset. Al- 
though designed for missile ground 
support equipment and aircraft instru- 
mentation, may also be used on _ in- 
stallations where severe atmospheric 
conditions prevail, or explosion-proof 
unit required. 

Dimensions: 314 in wide by 17% 
in. deep by 3%, in. high Figures 
are 3%, in. high by %q in. wide, 
white on black background, with wide 
window opening. Speeds up to 25 cps 
are standard, with max resetting time 
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Branches: ATLANTA, GA. * CHICAGO, ILL. 
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STOP 


the EYELET 
HUNT 


Simplity design 
peed production 
ave money 


You can save many expensive engineering hours 

because designers no longer need to plow through 
thousands of eyelet specifications. Over 20 years’ 

experience has shown that a very high percentage 
of all eyelet work can be done with the 7 United 

Standard diameters. 


> Ka 
Use UNITED Standardized Sizes 


Only 7 sets of tools for all 65 sizes 
All eyelets in each column set by 


same tools. 


Only SEVEN sets of tools needed for all 65 sizes! 
This means that tooling is reduced as much as 90% 
With United’s closely co-ordinated system of Stand- 
ardized Eyelets and Eyeleting machines, eyelet grip 
can be increased as much as 1000% (for instance, 
from .093” to .437”) without a single change in drill, 
punch, or setting tool. Result: greatly reduced in- 
stalled costs and true fastener economy. 

Purchasing problems are eliminated. United Stand- 
ardized Eyelets are carried in stock at key points: 
United’s Shelton Eyelet Division plant near New 
York and branch offices in Chicago and Los Angeles. 
Low eyelet costs for you are ensured by United’s 
constant high volume production on a relatively 
small number of sizes. 

Inventory is greatly simplified. Fewer sizes do more 
jobs. Actual experience of thousands of users for over 
two decades has shown that United Standardized 
Eyelets and co-ordinated Eyeleting machines can 


CALIF. * LYNCHBURG, VA. * MILWAUKEE, WISC. * NASHVILLE, TENN. 


* CINCINNATI, CLEVELAND and COLUMBUS, OHIO * DALLAS, TEXAS * HARRISBURG, 
* NEW YORK, N. Y. 
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“The diameter given indicates the size hole 
tor the eyelet 
These eyelet numbers are descriptive For 
example 
In SE-611. the SE means Standardized 
Eyelet 
Yhe first number (6) indicates Barret 
Ovameter (6/32") 
the number or numbers _ follow 
indicate Barrel Length (11/32" 


Sa YYY YY) 


reduce the number of eyelet sizes carried in stock 
an average of 66737 

Precision made in standard increments of 1/32” in 
both barrel O.D. and length, each one of the 65 
United Standardized Eyelet sizes has a standard re- 
lationship in dimension and proportion to every other 
eyelet in the series. They are designed to save you 
money. Start to-day to enjoy the advantages of 
United’s Standardized Eyelets. Write or call us for 
complete information. 
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New Eyelet Cataiog Complete specifications of all 
phases of United’s co-ordinated system of eyelets, eyelet- 
ing machines, setting tools. Also includes data on special 
eyelets and metal stampings. 


Li 
SHOE MACHINERY CORPORATION 
BOSTON 7, MASSACHUSETTS 


* PHILADELPHIA, PA. * ROCHESTER, N. Y. * ST. LOUIS, MO. 
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PA. * JOHNSON CITY, N. Y. * LOS ANGELES, 


DURAKOOL 
Tilt Switches 


are the Life of your 
Automatic Controls 


Tilted Down 
—On 


Tilt 

oH This steel-clad Durakool 
mercury tilt switch has 
unique construction fea- 
tures that deliver years 
of trouble-free A st 
ance on the most difficult 
bd assignments you can find. 
OF CYCLES Operating under sealed- 
FALTERING in, pressurized hydrogen 
e gas, it takes 24 hours, fast 


ite cycling schedules in stride. 
See telephone directory for loca! distributor, or write. 7 sizes, 1 to 65 amperes. 


DURAKOOL, INC. Send for Bulletin D-49 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD.. TORONTO 9. CANADA 


ALL- STEEL 


Durakool 22, 
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HAVE 
RACKMOBILE... 
WILL 


TRAVEL! = 


Patent Pending 


Only ‘“‘RACKMOBILES” provide complete protection 
to electronic equipment and machinery from both 
impact and high frequency transient vibration caused 
by heavy shock. ESCO’s unique system utilizes a 
floated’’ inner frame housed in an outer console of 
ribbed and welded heavy gauge steel. 


Model EQ-58 — $95.00 


Only ESCO’s ‘’STACKRACK 
Saelolaletole)(-Melile ME )ilerd oc e 
sistant Consoles incorporate 
the ‘Chimney Effect” to mini- 
mize the need of auxiliary 
blowers in removing heat 
from electronic instrumenta- 
tion 
Model SR-58 — $165.00 


Consoles built to your specifications. 


ESCO ENGINEERING CO. Seccevice, tc: 


172 Circle 181 on page 17 





of 105 millisec. Operates on 28 volts 
d-c. Durant Manufacturing Co., 1962 
North Buffum Street, Milwaukee 1, 
Wisc. >563 


MINIATURIZED 
PRESSURE TRANSDUCER 


Designed for airborne instrumentation, 
unit occupies volume of only °4 cu in. 
and weighs less than 2 oz. Can be 
adapted to measure absolute, gage, or 
differential pressures from 0-5 psi to 
0-350 psi with linearity of +1 per cent. 
Potentiometer output has resolution of 


aes 
os 


d 
be 


3 


0.25 per cent in most pressure ranges. 

Model TP-100 can operate at up to 
2000 cps at 15 g with output signal 
transmission error less than 1 per cent. 
Also withstands 25 g in 10-2000 cps 
range with no damage or permanent 
calibration shift. 

Can withstand acceleration force of 
40 g with less than 1 per cent error 
and 75 g without permanent damage 
or calibration shift. Faire nonge-§ Controls 
Corp., Components Div 
Hicksville, N. Y. +564 


HIGH ACCURACY 
ELECTRONIC COMMUTATOR 


Solid-state multi-channel sampling 
switch has input-to-output accuracy of 
1 per cent or better for any mixed 
source impedances up to 25 k ohms 
(figure includes linearity and offset 
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HERE’S WHY P&B’s PR POWER RELAY IS PREFERRED 


for high current/voltage switching 


HEAVY DUTY construction means 
long-term dependability when switching up to 
20 amperes (double break contacts). Here is a 
ruggedly built relay, packed with high quality 
features, yet economically priced. 

The PR’s full floating movable contact car- 
rier, for example, provides excellent contact 
pressure and ample wipe for self-cleaning 
contact action. The coil is centrifugally im- 
pregnated with top-grade varnish to eliminate 
moisture traps. 

Contact arrangements up to DPDT are 
available. The PR has been adapted for printed 
circuitry and heavy duty plug-in applications. 

All standard AC actuated PR relays may 
carry the UL and Canadian Standards Associ- 
ation seals of approval. Write or call for com- 
plete information. 


PR RELAY WITH MAGNETIC BLOW-OUTS 
en ceca cies ee ae cae 
nets to suppress arcs on DC loads over 1 watts. 


187" °°*Dia g 


(2 HOLES) WeUSas 


GENERAL SPECIFICATIONS: 
Breakdown Voltage: 1500 volts rms min. between all 
elements and ground. 
Ambient Temperature: DC: —55° to 485°C. 
AC: —55° to 455°C. 
Terminals: Heavy duty screw type. Standard printed 
circuit pins or plug-in on request. 
Enclosures: PR dust cover. 


CONTACTS: 
Arrangements: Up to 2 Form C (DPDT). 
Material: 5/16” dia. silver or silver cadmium oxide. 
(Others available) 
Lead: Single break: 15 amps; Double break: 20 amps at 
115 volts 60 cycle AC resistive. 


AUXILIARY CONTACTS: 


Arrangements: | Form A, B or C. 


Material: 3/16” diameter silver 
Rating: 5 amps at 115 volts 60 cycle AC resistive. 
COILS: 
Resistance: 64,000 ohms maximum. 
Power: 1.8 watts DC; 9.8 volt-amps AC. 
Duty: Continuous AC or DC (DC coils will withstand 10 
watts at 25°C). 
insulation: Centrifugally impregnated with high quality 
varnish. 
Mountings: 2 holes .187" diameter 17/," 0.c. 
PR Relays Approved By Underwriters’ Laboratories 
Canadian Standards Association 
Contact Contact 
Type Arrangement* type Arrangement* 
PRIAY SPST-NO PRSAY SPDT 
PR2AY SPST-NC PR7AY DPST-NO 
PR3AY SPDT-NO-DM PREAY DPST-NC 
PR4AY SPDT-NC-DB PRITAY DPOT 
These relays are available in any of the following 
operating voltages: 6, 12, 24, 48, 115, 208, 230, or 440 
volts 50/60 cycles AC. 
The contacts ore rated at: 13 amps, 115 volts AC. 6.5 
amps, 230 volts AC. 1 hp for 115 or 230 volt AC motors. 
Any relays deviating electrically or physically from these 
standard models will not carry U/L or CSA approval. 
*Read: NO normally open, NC normally closed, DB 
double break, DM double moke. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


SINGLE POLE DOUBLE THROW VERSION 


PR 5 (SPDT) has all the heavy-duty features of other 
models in this series. 


PR WITH AUXILIARY CONTACTS 


All PR models can be equipped with auxilliary con- 
tacts in 1 Form A, B, or C arrangements. 


POUUER & BRUMEUEUD LING. 


PRINCETON, INDIANA ¢ SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
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converters 


shaft to 
fo lTe Th e- UM -laletelel-1a— 


Four models 
7 - 19 bits 


Binary 
Coded 
Decimal 


now Five models 
0-1999 to 0-359,999 
capacities 


One mode! 
8-bits 


Features of Librascope Shaft Posi- 
tion-to-Digital Converters include 
serial/paralilel time sharing, dou- 
ble brush pick-offs, no dead time, 
variety of codes, digital-analog 
and analog-digital conversions. 
They are designed for the transfer 
of data from a shaft position to a 
form suitable for digital compu- 
ters or data logging systems. Spe- 
cial converters are designed to 
meet customer requirements (in- 
cluding Sine Cosine). Please sub- 
mit desired characteristics. 


Write for Catalog E10-1 


IBRASCOPE 


i. aan 








LIBRASCOPE, INC., 40 E. VERDUGO AVE., BURBANK, CALIF 
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factors). Also develops back current 
of less than 1 ypamp during time a 
igs 

Designed for data handling systems 
using time-division multiplexing. Will 
handle 0 to 5 volt input signals in all 
I.R.L.G. standard pulse amplitude 
(PAM) and pulse duration (PDM) 
sampling rates. Standard channel con- 
figurations are 30 and 45. 

Power consumption less than 3 w, 
life expectancy 5000 hr, operating 
range is —60 to +80 C. Size approx 
45 cu in., weight approx 32 oz. Applied 
Science Corp. of Princeton, P. O. Box 


44, Princeton. N. Y. >565 


channel is 


LOW VOLTAGE CONTROL 
FOR REMOTE SWITCHES 


Twenty-four volt a-c control of power 
and lighting circuits from any number 
of control stations can now be achieved 
through a low voltage control arrange- 
ment for remote control switches. 


Advantages include: safety—control 
equipment can be connected through 
small wires; no cable is re- 
quired ; line 
run; requires no external relay or 
fuse box—all items needed for low 
voltage control are on one compact 
panel. Automatic Switch Co., 50-M 
Hanover Road, Florham Park, New 


Jersey. >566 


large 


increase in permissible 


INSTRUMENT 
MOTOR-GENERATORS 
Mark 12 Mod 0 and Mark 12 Mod 1 


motor generators combine a size 15 
servo motor with a size 15 tachometer- 
generator, each having a diam of 
1.437 in. 

The tachometer-generator portion of 
Mark 12 is for both 


is furnished for operation on 115 volts, 
400 cycles. 


same units and 


Has gradient of 3.2 volts 


per thousand rpm and a max null 
voltage of 0.013 volts rms, with an 
0.008 volt fundamental. 

Motor can be furnished for 115 volts 
on both phases, or with 115 volts on 
fixed phase and 230 volts on control 
phase, all 400 cycle. Stall torque is 
1.45 oz-in., with no-load speed of 4800 
rpm. G-M Laboratories, Inc., 4300 No. 
Knox Ave., Chicago 41, Ill. >567 


VALVE-OPERATED CYLINDERS 


Line of valve-operated cylinders com- 
bines a conventional single-acting cyl- 
inder with the 33800 3-way. 
solenoid valve. Result is an integral 


series, 


power unit, complete in itself—no ex- 
tra valves, no rigid piping to install. 
The one air connection required can 
be made with flexible hose. 

Can be used as fixture clamps or 
with jigs, fixtures, knockouts and re- 
lease mechanisms in industries such as: 
electronics, plastics, metalworking and 
machine 

Bore sizes are: 1, 


tools. 

ll, 114, 2, 2% 
and 3 in. Available in any stroke length 
from 14, in. up. Pressure range 0-200 
psi. Most a-c and d-c voltages avail- 
able. Airmatic Valve, Inc., 7313 As- 
sociate Ave., Cleveland, Ohio. > 568 


DYNAMIC BRAKE PACKAGE 


Dynamic brake package for regenera- 
tive control is designed for rectifiers 
and equipment requiring a load absorp- 
tion device for limiting max voltage. 
Known as the “Selenidyne,” unit re- 


(MET 


ee 


quires only 2 wires for hookup and has 


2 standard relays as its only moving 
parts. Accuracy of repetition, once set, 
is better than 1 per cent and by a 
single knob control. Fail-safe relaying 
allows regenerative control to remain 
on in event of equipment failure, noted 
by warning red light. 

Adaptable to elevator rectifiers, ma- 
chine tool equipment and similar ap- 
plications. In sizes up to 5 kw, is a 
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Rugged, Reliable 
Long, Long life 

Higher capacity 
No dead break 


actual size 


RH 13 series sub-sub-miniature basic switch 


extreme small size--may be ganged 
in minimum space 


long, long mechanical life-- 
2% million cycles 


longer electrical life than switches 
twice its size 


no dead break--perfect for super 
sensitive applications 


high repeatability--only one moving 
part besides button 


consistent, close-tolerance mounting-- 
in single or ganged set-ups 


rugged, durable high temperature and 
impact resistant case 


wide range standard actuators available 
in leafs, toggles, pushbuttons, etc. 


super long life model available with 
limited overtravel 


OCTOBER 1958 


OPERATING CHARACTERISTICS 


inh SU cise di davctrens 526” long, .250” wide, .323” high 
1.7 grams (.060 oz.) 
Contact SPDT, fine silver std. (others to order) 
Operating Force approx. 200 grams (7.05 oz.) max. 
Pretravel approx. .010” 
Contact Pressure 59 grams (1.76 oz.) 
Ce a oie ak csc px Janes ueekd aoeanceeh 005” min. 
PROT OND DIINO yo dod cscciecccvapatens casas sees .003” max. 
Release Force 30 grams (1.06 oz.) 
Mechanical Life 2,500,000 cycles, approx. 
Ambient Temperature —65° to +250°F. std. (350° to order) 
Terminals solder standard (spade type available) 
6 amps, 125/250 VAC, 30 VDC resistive 
3.5 amps, 30 VDC inductive sea level 
3.0 amps, 30 VDC inductive 50,000 ft. 
2.5 amps, 30 VDC inductive 100,000 ft. 


Electrical Life Rating 


WRITE FOR MORE DETAILS 


OP] ELECTROSNAP CORPORATION 
4 SWITCH DIVISION 


4238 W. Lake Street 


TELEPHONE: VAN BUREN 6-3100 
TWX NO. CG-1400 


Chicago 24, Illinois 
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Why 


do so many outstanding 
appliance manufacturers specify 


CORNISH. 
Tae 


Custom 
CORD SETS 


MADE BY ENGINEERS FOR ENGWEERS 





beCaus, 


their STYLISTS emphasize decor-harmoniz- 
ing COLOR and design .. . their ENGI- 
NEERS demand closer tolerance and ace- 
. their PRODUCTION men require 
pplication and assembly ... their PURCHASORS insist 
aul faithfully 


high electrical properties 
ence in 
1 economical cost and co-operative service 


ed, in one sweet package by CORNISH 


Don't take chances... CORNISH ‘em! 


ADEQUATE WIRING BUREAU 








CORNISH WIRE CO., inc 


el OM G@altiads Me liactct) New York 7, N.Y 








@ CINCINNATI 

@ KANSAS City 

° e PITTSBURGH 

@ ST. LOUIS @ SAN FRANCISCO @ WILLIAMSTOWN 


@ Stock carried 
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self-contained unit. Above this rating, 
2 terminals are brought out to separate 
load bank if desired. D-C voltages up 
to 600 volts available. American Recti- 
fier Corp., 95 Lafayette St.. New York 
13, N. Y. >569 


PROPULSION MOTORS 


Low-voltage d-c units for pump drive 
and propulsion service are designed for 
special duty-cycle applications, as for 
electrical materials-handling trucks and 
related equipment. Class B_ insulated 
and either open or totally-enclosed non- 


ventilated. lemperature ratings, based 
on 25 C ambient, are 90 C for TEN\ 
and 75 C for open types. 

Available in ratings from one tnrouge 
8.8 hp. Low voltage d-c unit shown is 
rated 6.2 hp, 1375 rpm, 36 volts, 125 
amp. One to three hp units normally 
designed for 12-volt operation—larger 
ratings for 36-volt service. 

Can be designed for other standard 
voltages between 12 and 36 volts. Series 
fields for propulsion motors are avail- 
able in single or dual field coil type. 
Allis-Chalmers Manufacturing Co., 1126 
So. 70th St.. Milwaukee 1, Wisc. 570 


ELECTRIC COUNTER 


Two hundred million count life, full 
wave rectification for a-c operation and 
complete dust proof enclosure are fea- 
tured in model CE-800. 

Built-in silicon diode full-wave bridge 
rectifier with capacitor makes possible 
max reliability and service life for a-c 
voltages up to 230 at frequencies of 25, 

(Continued on page 180) 
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TAPE WOUND CENTRICORES 
PROVIDE THERMAL STABILITY ... 


Cores which remain matched 
over a wide temperature range 
prove a real help to the designer 
of magnetic amplifiers who must 
contend with ever increasing 
variations in temperature envir- 
onment. 


> BULLETIN D7 


STAMPED RING LAMINATIONS 
IN PHENOLIC OR 
ALUMINUM ENCASEMENTS .. . 


Stamped ring laminations are 
processed from alloy strip .002” 
or heavier; also available in 
etched magnetic parts less than 
.0O1” in thickness. 


> BULLETIN C1 


DU LAMINATIONS 


MASS PRODUCED, PRECISION MADE... 


e MORE IMPEDANCE PER TURN 


e GREATER UNIFORMITY FROM CORE-TO-CORE 
e LOWER MAGNETIC CORE RELUCTANCE 


a 


Magnetic Metals Company produces both 
stamped and tape wound core parts 
for magnetic amplifier applications 


With magnetic amplifiers serving 
a growing diversity of applica- 
tions, the availability of compo- 
nents for various types of core 
construction is of great impor- 
tance to the design engineer. 


e@ Where sub-miniaturization and 
high sensitivity are required. Cen- 
tricores offer the ultimate in both 
requirements. 


e Stamped ring laminations pro- 
vide the mechanical stability and 


DU laminations are available in a variety of 
materials, including Squaremu, Orthonic and 
Squaresil. Stock of DU laminations is main- 
tained in the new, improved Hymu “80”. 


@ MAGNETIC METALS COMPANY 


ELECTROMAGNETIC CORE PARTS AND SHIELDS + HAYES AVENUE AT 21st ST. « CAMDEN 1, N.J. 


> BULLETIN D1 
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resistance to shock demanded in 
industrial control systems. 


e Large units for more powerful 
requirements are best served by 
DU laminations for reduction of 
production costs through the use 
of form wound coils. 


All three core types are avail- 
able from Magnetic Metals Com- 
pany—processed to individual 
specifications or from stock of 
standard sizes. 
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SAME NEMA RATING IN 
60% LESS SPACE 


New-product news from Louis Allis 


PERFORMANCE-PROVED RADIAL 
AIR-GAP DEPENDABILITY 


60% shorter— 
but with radial air-gap design! 


New Louis Allis Pancake Motor preserves 


all the advantages of conventional motor construction 


The new Louis Allis Pancake Motor is your solution to trouble-free power 
in any space-cramped motor application. 


The Pancake is a remarkably short flange-mounted motor — up to 
60% shorter and 33% lighter than standard motors of the same rating! And 
it is built in conventional radial air-gap design! 


It’s done by an ingenious forming process which literally compresses the 

end coils of a conventional radial air-gap motor into an exceptionally short length. 
The result is a compact, light motor ideally suited for horizontal or vertical 
mounting on machine tools, roof ventilating fans, or any close-quarter installation 
where space is a critical design factor. 


What’s more, this is achieved without sacrificing a single desirable 
characteristic: the stator still contains the same iron and copper as standard 
Louis Allis motors... standard NEMA service factor is maintained . . . 

high insulative values are retained by using proved Louis Allis varnishes and 
new insulating techniques . . . over-sized pre-lubricated bearings are used to 
guarantee long bearing life... and the entire motor is enclosed in an 
industrial-type cast-iron housing designed to shrug off abuse! 


The housing and flange are cast in one piece: this permits extra-accurate internal 
machining which extends bearing life and reduces noise levels to a new low. 


Investigate the Pancake Motor through your local Louis Allis District office. 
Sized from 1 to 15 hp, at 1800, 1200, and 900 rpm, in open drip-proof and 
enclosed non-ventilated or fan-cooled enclosures. Write for Bulletins 2100 and 
2150 to the Louis Allis Co., 428 E. Stewart St., Milwaukee 1, Wisconsin. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 
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FOR 
BETTER 


product appearance 


FOR 
FAST 


ow cost assembly 


RECESSED TYPE 
Recess avoids clogging of 
threads by weld flow or spat- 
ter—no re-tapping. 


PILOT TYPE 

Provides quick, accurate position- 
ing. Pilot forms barrier preventing 
weld spatter in threads. 


rojection weld nuts 


Solve production delays—cut manufacturing costs. Fuse nut to the product in 
exact location. Engineered for assembly simplification. The welding of nuts to sub- 
assemblies permits the use of screws or bolts in the main assembly without the 
need for holding nuts from turning, cutting time and labor. 

Both types available with the patented MF Two-Way® or famous M‘F UNI- 
TORQUE® locking feature. 

M-F weld projections are uniform in height and volume of material to insure 
uniform electrical contact and result in clean, strong, dependable welds. 

M-F weld nuts are designed to give a 3-point bearing, eliminating rock and 
guaranteeing a uniform weld. 

Concealed fasteners for improved product appearance. 

Pre-attached fasteners in blind locations for faster, trouble-free final assem- 
.bly . . . improve design . . . cut costs. 

Send for descriptive literature. 
MAC LEAN-FOGG LOCK NUT COMPANY 


5535 N. Wolcott Street, Chicago 40, Ill. 
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40 and 60 cycles. Conduit opening with 
separate wiring compartment permits 
wiring without breaking dustproof en- 
closure seal. 

Rated at 1000 counts per min, it 
operates reliably at much higher speeds 
with electronic actuation and is avail- 
able with six digits and knob or key 
reset. Approximate dimensions 5% in. 
long x 3% in. wide x 4°42 in. high. 
Production Instruments Div. of General 
Controls Co., 8074 PH McCormick 
Blvd., Skokie, Ill. >571 


DUAL LABYRINTH SEALS ON 
CARTRIDGE BALL BEARINGS 


Designed to standard double-row bear- 
ing widths, cartridge bearings have 
extra-large reservoirs to hold lubricant. 
Dual labyrinth seals are formed by an 
inner and outer shield, fitted to create 
both a horizontal and vertical labyrinth 
to prevent escape of lubricant or 


entrance of dirt. The inner shield, ro- 
tating with the inner raceway of the 
bearing, provides the centrifugal force 
that “slings,” or returns lubricant to 
the working surfaces, 
bearing position. Bearings are deep- 
groove type with high load capacities, 
quiet operation, and ability to carry 
radial or thrust loads in either direc- 
tion. Hoover Ball and Bearing Co., 
Ann Arbor, Mich. +572 


regardless of 


MINIATURE PLUGS 


Developed for aircraft, missiles and 
equipment, the KM _ plug features 
crimp-type, snap-in contacts to elimi- 
nate soldering and facilitate servicing. 
Contacts are crimped prior to insertion 
and then snapped into Zytel Monobloc 
insulation with special contact inser- 
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Whatever you need in silver you can find at the 


HANDY & HARMAN SILVER SUPERMARKET 


Silver 


: Soy Cv NUKE 


Special today—and every day— 
silver in every form and grade 
you can name. By the ounce, inch, 
foot, and every other measure 
known to man. 


All are of the consistent quality 
that has made—and kept—Handy 
& Harman first in the manufac- 
ture and development of silver 
and silver alloys for industry. 


At the right are some of the 
general forms of silver made by 
Handy & Harman (what you don’t 
see, ask for): 


Your NO. 


* Fine Silver (wire, strip and foil) 


Silver Anodes and Grain for plating 


+ Silver Contact Alloys 


Silver Powders 

Silver Flake and Paint 
Silver Brazing Alloys 

Silver Electronic Solders 
Silver Sintered Metals 
Solder-Flushed Silver Alloys 


- Silver Chloride and Oxide 


Coin Silver (wire and strip) 

Silver Bi-Metals 

Gold, Platinum and other precious 
metals also available in every form 
you need 


VISIT OUR BOOK 
DEPARTMENT 
We have five Technical Bulletins giv- 
ing engineering data on the properties 
and forms of Handy & Harman Silver 
Alloys. We would like you to have 
any or all of those that particularly 
interest you. Your request, by num- 
ber, will receive prompt attention. 


Bulletin A-1 
Bulletin A-2 
Silver-Magnesium-Nickel Bulletin A-3 


Fine Silver 


Silver-Copper Alloys . 


Silver Conductive Coatings Bulletin A-4 
Silver Powder and Flake Bulletin A-5 


Source of Supply and Authority on Precious Metal Alloys 


OFFICES AND PLANTS 
ATLANTA, GA 


BRIDGEPORT. CONN 
HARMAN [55 


CHICAGO, MLL 


General Offices: 82 Fulton $t., New York 38, N.Y. <...\*"o ome 


DETROIT. MICH 

LOS ANGELES, CALIF. 
OAKLAND, CALIF 
TORONTO, CANADA 
MONTREAL. CANADA 
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\ A. 
Control Unit, Cable and 


Proximity Pickup start at 5/8 
$89.50. Patents pending. 


Solve your metal control problems 
with this low cost proximity pickup 


18 mounting threads 


Compare these advantages over other proximity devices 


Flexible ... Detects both ferrous 
and non-ferrous metals. Sensi- 
tive to very thin metal pieces, 
such as aluminum foil. Does 
not attract or hold ferrous 
chips. 


Compact . . . Only the small 
Pickup need be located in the 
work area. Control Unit can be 
located up to 50 feet or more 
away. 


Economical . . . Low replace- 
ment cost for Pickup ($13.50). 


Rugged . . . Sealed Proximity 
Pickups for water and oil en- 
vironments. 


Proven Reliability . . . Three 


years continuous use in auto- 
motive industry. 


Qualified . .. Meets JIC require- 
ments. 


Other “plus” advantages 


Versatile . . . Wide variety of 
Proximity Pickups available 
for detecting metal objects at 
clearances in excess of 6 inch- 
es. Suitable Hollow Coil or 
“pass through” type Pickups 
available for detecting or 
counting small metal parts of 
various sizes. 


Practical ... Associated Control 
Unit contains relay output for 
direct operation of motor con- 
trols, solenoids and electric 
counters. 


Write or Phone for Bulletin and Name of Nearest Field Engineer 


ELECTRO PRODUCTS LABORATORIES 


Zlectro 


4501-mM Ravenswood, Chicago 40, Ill., LOngbeach 1-1707 
Canada: Atlas Radio Ltd., Toronto 





Sensing Elements 
for Control 
Counting 

Speed and Displacement 


D.C. Power 
Measurements 


Supplies 





Magnetic 
Pickups 


Dynamic 


Sonometer Micrometer 
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tion tool. Moisture-sealing Neoprene 
grommet eliminates potting connector. 

Included in KM series are 4 basic 
endbell styles—short, straight, 45 and 
90 deg. May be used in any combina- 
tion, on either plug or receptacle, to 
fit special space requirements. Cannon 
Electric Co., 3208 Humboldt St., Los 
Angeles 31, Calif. >573 


WIDEBAND D-C AMPLIFIER 


Isolated, grounded or differential input 
wideband d-c amplifier Model Al 132 
is designed for use in any d-c system 
requiring amplification of signals to 
50 ke. 

Will handle the large variety of sig- 
nal levels and frequency ranges en- 


countered in instrumentation systems 
of rocket, missile and space vehicle test 
programs and launching platforms. 
Operates on 115 volt, 60 cycle input. 
Model Al 132A has output voltage of 
+70 volts and output current of 25 ma; 
Al 132B has output voltage of 35 volts, 
max current of 50 ma. Both models 
available as single package units or in 
modules of six for mounting in stand- 
ard 19 in. racks. Computer Engineering 
Associates, Inc.. 350 No. Halstead, 
Pasadena, Calif. ->574 


A-C MOTORS 

A new motor is 2% in. wide, 2% in. 
high and is available both in 2- and 
1-pole design and in three frame 
lengths. Included are induction, reluc- 
tance and hysteresis synchronous per- 
manent split capacitor motors built in 
ratings from Yo to Mo hp. 

The new motor is for application 
in recording instruments, timers, medi- 
ical instruments, office equipment, 
blowers, tape recorders, and commu- 
nications equipment. The reluctance 


(Continued on page 185) 
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our control troubles evaporate 





...$80 says John A. Bradner, 
President, Lees-Bradner Co., 
Cleveland, Ohio, machine tool manufacturer. 


‘*“Yes, we have chosen Allen-Bradley controls. We use 
them, like them, and most thoroughly approve of them. 
We do our level best to see that they’re the ones with 
which LEES-BRADNER machines are equipped. 


“It has been our experience in over 25 years of pioneer- 
ing electrical rather than mechanical control of machine 
tools that, if we stick to Allen-Bradley, control troubles 
we are too apt to have otherwise—evaporate!”’ 


Lees-Bradner Gear Hobbing Machine, 
above, uses six motor control panels as- 
sembled from standard A-B components. 
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This is the electrical control panel for a 12-station The 78 operations of a huge Buhr Automatic 
Kingsbury Indexing Automatic which performs 19 op- Transfer Machine are controlled by this 
erations on an automatic transmission part. All the com- “special” electrical panel. All the compo- 
ponents in this panel are standard A-B control items. nents are standard Allen-Bradley units, 
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only 


ALLEN-BRADLEY 


gives you Trouble Free 
Solenoid Starters 


in ALL sizes! 


The simple solenoid design—exclusive with 
Allen-Bradley in the big starter sizes—has 
only one moving part. This eliminates the 
trouble causing bearings and flexible jumpers 
of conventional clapper switches . . . and as- 
sures millions of trouble free operations. A-B 
solenoid starters also have double break, 
silver alloy contacts that never need any 
servicing. They are always in perfect operat- 
ing condition—until the contact is completely 
used up. 


This time-tested solenoid construction is 
available on all Allen-Bradley starters up 
through Size 7... as well as on A-B’s rugged, 
air break, high voltage starters. Write for 
full information. 




















yl ALLEN-BRADLEY 


—>- 


= QUALITYSS 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 











motor has a new closed-slot construc- 
tion rotor with a smooth surface, 
which reduces losses and torque vari- 
ations, The end caps have a 7-rib and 
ring construction which provides ri- 
gidity while providing ease of appli- 
cation with many standard mounting 
arrangements. The Holtzer-Cabot Mo- 
tor Div., National Pneumatic Co., Inc.. 
125 Amory St., Boston, Mass. 575 


HERMETICALLY SEALED 
POWER CONTACTOR 


MEGA-SWITCH is hermetically sealed 
with contacts in an are quenching 
gas atmosphere. Contacts are tungsten 
which eliminates stick- 
ing points. Has no tilting, rotating or 
mercury level raising devices. 
Advantages are: positive control, 
high-speed operation, nothing to wear 
out, contact chamber sealed in steel 
housing, small operating power re- 
quired, can be operated directly from 
power photocell. 
Applications: 


and mercury, 


relays, flashers, signs, 


LONG 
SHORT 
THICK 
THIN 





PUNCHED 
SLOTTED 
THREADED 
EMBOSSED 


ROUND AND RECTANGULAR 


‘CLEVELITE™ 


In every way CLEVELITE is the favorite phe- 
nolic tubing . . . made in seven grades to assure 
you dependable performance in any application. 
CLEVELITE is unaffected by oils and solvents . . . 
it is easily machined, light in weight, yet me- 
chanically strong. 

Dependable because of its non-tracking and _ in- 


sulation resistance 


> | 


trafic lights, street lights, machine 
tools and all other installations where 
repeated contact is required. Energy 
Kontrols, Inc., 11 So. First St., Geneva. 
Ill. ->576 


low moisture absorption 
. dielectric strength 150 v.p.m.... 
ae” 6 Fk 
nesses as required. 
WRITE FOR OUR LATEST “CLEVELITE” BROCHURE 


. . . and mention application you have in mind. Samples 
will be furnished. 


heat resist- 


ance over . diameters and wall thick- 


HIGH TEMPERATURE 
RESISTANT LAMINATE 


Phenolite Grade GH-871 is a new 
laminated plastic with strength reten- 
tion after exposure to high tempera- " NIS& © THE 


tures. It is constructed from glass sats OFFICES: CLEVE LAN | Co NTAI . R 


fabric combined with a special high CLEVELAND 
temperature resisting phenolic resin. 

6201 BARBERTON AVE. + CLEVELAND 2, a... 
ABRASIVE OIVISION at CLEVELAND, OH'IO 


call CLEVELAND! 


*Reg. U.S. Pat. Off. 


Why pay more? For quality products . 





Poon 


we 

onmn To. 
TORONTO & 
PRESCOTT, ONT 


SALES OFFICES: 


NEW YORK 
WASHINGTON 
MONTREAL 





A = : ye 
Designed for short time, very high tos 


temperature applications, material re- 
tains more than 95 per cent of its 
strength after 14 hr exposure at 500 F. 
Will withstand even higher tempera- 
tures for shorter time periods. 

In addition to its temperature re- 
sisting qualities, Grade GH-871 also 


mYmOure, ws 
JAMESBURG, N. 3. 
OGDENSBURG, N.Y. 


REPRESENTATIVES: 


NEW ENGLAND: R.S. PETTIGREW & COMPANY CHICAGO: PLASTIC TUBING SALES, 5215 N. 
10 N. MAIN ST... W. HARTFORD, CONN. RAVENSWOOD AVE., CHICAGO 

NEW VORK: THE MURRAY COMPANY, 604 WEST COAST: COCHRANE-BGARRON CO., 544 
CENTRAL AVE., E. ORANGE, N. J. S. MARIPOSA AVE.,. LOS ANGELES 

PHILADELPHIA: MIOLANTIC SALES COMPANY, CANADA: PAISLEY PRODUCTS OF CANADA, 
9 E. ATHENS AVE., AROMORE, PA. LTO. BOX 159 — STATION “H", TORONTO 
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BEAVER 
BALL SCREWS 


Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90% 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead to elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc. 
For horizontal and vertical 
actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature. 
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ANY DIAMETER OR TRAVEL 


RAPID START 


NO BACKLASH 


EXTREME ACCURATE POSITIONING 


electrical 
properties. Material is available in sheet 
sizes of 39 in. sq and 39 in. by 47 in., 


has good mechanical and 


and in a thickness range from M¢ to 4% 
in. Color is dark brown and finish is 
semi-gloss. National Vulcanized Fibre 
Co., 1058 Beech Street, Wilmington 99, 
Del. >577 


WATER AND LIQUID 
CIRCULATOR 


Model 420-D circulating unit is engi- 
neered to handle water and non-abra- 
sive fluids in both domestic and indus- 
trial applications. 

Featuring corrosion-resistant bronze 
and stainless-steel construction in all 
its wetted metal parts, pump has 1-in. 


threaded intake and discharge connec- 
tions, handles line pressures up to 150 
psi and fluid temperatures up to 230 F. 

Motor and pump are one sealed unit. 
Pump can be installed in any position, 
quickly replaced or serviced with 
screwdriver. Invisible magnetic force 
drives pump impeller. Small, light 
weight, requires no starting device, has 
no bearings to lubricate. Fostoria 
Pressed Steel Corp., Pump Div., Fos- 
toria, Ohio. —>578 


MINIATURE TORQUE MOTOR 


Model 102 torque motor is miniature, 
high-performance unit. Ruggedness and 
insensitivity to environmental condi- 
tions suit it to wide variety of appli- 
cations. 

Unit is 1144 x 13% x 1\¢ in., weighs 
634 oz and has an output force of 
+5 lb midposition with +0.007 in. 


opAx 


Gallmeyer & 
Livingston 
got it when 
they changed 
to a Beaver 
Ball Screw! 


>» 





Optimum Positioning Accuracy 
with system stiffness in the head 
slide of their Model F surface 
grinder was the design objec- 
tive of Gallmeyer & Livingston 
engineers when they| changed 
from an acme to a ball screw — 
The other advantages they 
gained were bonuses! 


Does your product require precise contro! of 
very small increments of motion? Make use of 
our extensive engineering and application ex- 
perience. Write for free catalog. 


i 

Seaver 
Drecision 
{ Droducts 


i INC. 
a CLAWSON, MICH. 
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over 50,000 


meters In 





DISTRIBUTOR GETS 
24-HOUR SERVICE 
FROM THIS 
HUGE SIMPSON STOCK 


Do you need panel meters in a hurry? You can get 
Simpson panel instruments from your local electronics 
parts distributor .. . right off the shelf! And to be sure 
that you get the model and quantity you want, Simpson 
backs up your local distributor with a huge stock at its 
own Chicago plant. This teamwork puts 50,000 meters, 
in 800 sizes and types, at your finger tips. There’s no 
delay either. Your distributor’s orders are shipped from 
Simpson’s warehouse within 24 hours. 

But service isn’t the whole story. Simpson meters are 
quality instruments—backed by a 50-year reputation 
for accuracy and ruggedress. 

Your Simpson distributor is one of 1500 located 
throughout the United States, Canada, and abroad. 
Check with him on all of your stock meter requirements. 


SIMPSON ELECTRIC COMPANY 


5205 W. Kinzie St., Chicago 44, Illinois 
Phone: EStebrook 9-1121 
In Canada: Bach-Simpson Ltd., London, Ontario 


INSTRUMENTS THAT STAY ACCURATE! 
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DORMEYER SOLENOIDS 


Automatic 
Typewriters ' iy Industrial 
Controls 


Photo Electric 
Implementation Air Conditioners 


TYPES and SIZES FOR ALL APPLICATIONS 


LENGTHEN PRODUCT LIFE... The quality parts that 
go into a DORMEYER solenoid and their expert fabrica- 
tion account for its rugged dependability. 


IMPROVE PRODUCT PERFORMANCE... Double shading 
coils in DORMEYER solenoids deliver high seating pull 
without hammer or excessive A-C hum and chatter. And 
phase-timing the plunger’s stroke for maximum work 
eliminates any power drop-off. 

REDUCE PRODUCTION PROBLEMS... Made to your 
specifications, DORMEYER solenoids feature close-tol- 
erance component parts that eliminate many problems 
in product assembly. 


stroke. With proper choice of coils, 
motor may be driven from vacuum 
tubes, magnetic amplifier or transistors. 
Max power required is 2.75 w. Normal 
temperature range: 65 to 350 F. 
Shock and vibration per MIL-E-5400 
and MIL-E-8595. American Measure- 
ment and Control, Inc., 240 Calvary 
St.. Waltham, Mass. 579 


PILLOW BLOCK 


Series LAKH pillow block ball bearing 
has been designed to meet specific re- 
quirements for varying overall dimen- 
sions. 

Similar in design and load capacities 
to other standard series pillow blocks, 
the LAKH features a wide inner ring 


Write for catalog ... send specifications for free estimate 
DORMEYER INDUSTRIES 

FACTORIES IN CHICAGO AND KENTLAND, INDIAD 
3424 MILWAUKEE AVENUE ° CHICAGO 41, ILLINOIS 
Circle 195 on page 17 


most widely used 
iC SUPPLY GUIDE 


5 . 

ALLIED’S y x 1 | , 

COMPLETE 452-PAGE x | ball bearing incorporating the com- 
i * pany’s Mechani-Seal. 

1959 CATALOG Frictionless and  wearless, the 
Mechani-Seal is an integral part of 
bearing which keeps lubricants in and 
foreign matter out. LAKH is self- 
aligning in any direction and can be 


your best buying guide to 
the world’s largest stocks of == | installed immediately. Fafnir Bearing 


ELECTRONIC SUPPLIES FOR INDUSTRY > & | Co., New Britain, Conn. 7580 


Simplify and speed your purchasing of elec- © Transistors & Diodes 
oes 4 oy and compet: one aeons © Relays & Switches 1 | MULTI-TURN 
ers to us for fast shipment from the world’s 5 «(| 
largest stocks of electron tubes (all types and : ren POTENTIOMETER 
ubes (All Types) 
makes), transistors, test gp (see our s 
money-saving KNIGHT-KITS), audio equip- \X/, ® Test Equipment 
ment and electronic parts. Our expert Indus- (  ¢ AN Connectors 
trial supply service saves you time, money © Racks & Chassis 
and effort. Send today for your FREE 1959 
ALLIED Catalog—your complete Buying Guide : 
to quality Electronic Supplies for Industrial © KNIGHT Public 
and Communications use. Address & Paging 
Send for Systems 


ALLIED RADIO FREE OEM prices available on 


quantity purchases 
100 N. Western Ave., Dept. 47-K8 Catalog 


Chicago 80, Illinois yf 


Series 55 potentiometer has a cast 
epoxy resin shell which, while thinner, 
provides unusual physical, mechanical 
© Tools & Hardware 





OUR — YEAR 
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The New Brush Mark 
whole new world 
of direct writing applications 





Sensitivity 
10mv{line (mm). Full scale deflection from 
chart center + 200 mo. 


Measurement Range 
.010v. to 4000. 


Input Impedance 


5 megohm single-ended, 10 megohm balanced. 


Frequency Response 
D.C. to 100 cps. 


Recording Channels 

Four, 2 event channels and 2 analog. 
Chart Speeds 

1, 5, 25, 125 mmfsec. 


Power Requirements 
105-125v., 60 cps, 135 watts at 1150. 








| 
| 
1 


opens up 


The portability and remarkable simplicity of the 
Brush Mark II make it practical to use anywhere. 

Wherever you work—in research, design and 
development, production, field testing—you get an 
immediate u/tralinear record of performance . . for 
quick analysis and corrective action on the spot... 
for study at a later date . . . for reproduction by 
conventional low-cost copy methods. 

As foolproof as you’d hoped for, this recorder 
has built-in amplifiers, permanent calibration, in- 
stant paper loading and a “‘white glove’’ writing 
system. Use it as a recording voltmeter... asa 
supplement to your “‘scopes’’. 
CALigWRITE-WIRE for immediate shipment from 

stock — $1350 F.O.B. Cleveland. 


—brush INSTRUM ENTS 


| 
| 


Division OF 


3405 PERKINS AVENUE | CLEVITE | CLEVELAND 14, OHIO 


COmPORAT.ON 
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FIRER@ 


CARTRIDGE HEATER 








OPERATED 


IN OPEN AIR 


AT 


FOR 720 HOURS 


AT 90 WATTS sa. in. 


ACTUAL TESTS - vot just claims — are proving the 


superiority of the new WATLOW FIREROD Cartridge 
Heating Unit. 


Take, for example, the endurance test headlined above: a 
FIREROD unit, rated at 115 v., 250 w., and measuring 2%” 
long x #” dia., has been operated at a sheath temperature of 
1800° F. for more than 720 continuous hours. A conventional 
unit of similar size would last just minutes, even though 
rated at much lower wattage! 


In actual use, this means you can operate a WATLOW 
FIREROD at higher watts densities and temperatures and 
still get long life — or operate at normal watts densities and 
temperatures and get greatly extended life. 


operation 
data, style information, etc., write for your FREE Illus- 
trated Watlow Bulletin. 


ELECTRIC MANUFACTURING CO. 
1362 Ferguson Avenue 
Saint Louis 14, Missouri 
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and dielectric strength. Has a voltage 
breakdown min of 4000 as against 1000 
for conventional units. Rated at 3 w 
instead of usual 2. 

Features minimum runout, end re- 
sistance and noise. Available in either 
servo or bushing mounting. Standard 
values of 500. 5000, 20 k, 50 k and 
100 k ohms. Clarostat Mfg. Co., Wash- 
ington St., Dover, N. H. >581 


SET-SCREW BODIES SAVE 
INSTALLATION TIME 


Line of EMT set-screw bodies for fast 
installation are made in types “C,” 


“LB” and “T.” Sizes range from 1% to 
2 in. Made of malleable iron, they are 
heavily cadmium plated. Gedney Elec- 
tric Co., 1270 Sixth Ave., New York 
a. Pes >582 


SUBMINIATURE SWITCH 


SPST NC push-button switch has over 
all length. including solder-type ter 
minals, of 0.97 in. Max diam is 0.37 in 

No. 30-2 is rated at 100 ma with life 


expectancy of over 1,000,000 operations, 
and features fine silver contacts. Button 
caps in 10 different colors available as 
accessory. Grayhill, Inc., 561 Hillgrove 
Ave., La Grange, Ill. > 583 


HIGH PASS- 
LOW PASS FILTER 


Model 420P filter allows direct reading 
of frequency dial, permitting operator 
to rotate dial a full 360 deg, from 20 
cycles to 20 ke. 

Filter is continuously variable fre- 
quency filter, with separate high pass- 
low pass sections, allowing any band 
width to be set up within range of 
20 cycles to 20 ke. 

Unit is a passive network filter with 
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i> ompliments 
of a friend... 
send for it! 


Cay This illustrated book covers every type of 
“eee Roebling Magnet Wire—how it’s made, tested, 


packaged. Complete tables of sizes, weights, shipping 
information—plus interesting temperature, specification 
and test data. You shouldn’t be without these facts if 
magnet wire of any description fits into your manu- 
facturing picture! 

Your free copy is waiting for you. Just write—today — 
to Electrical Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, New Jersey. 


Electrical Wire Division 
John A. Roebling’s Sons Corp. 
Trenton 2, New Jersey 


Please send my free copy of Roebling's new 
Magnet Wire Fact Book. 











s 








ROEBLING 


- Branch Offices in Principal Cities 
Sebsidiory of The Colorado Fuel ond Iron Corporation 
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BRAKES ifs 


electro- -magnetic CLUTCHES 
ttt + etter range of more than 140 db and requires 


: A xr supply, vacuum tubes or 
(Third of a Series) oe rs : 
. Series transistors. Portable and designed for 


HOW TO UTILIZE NORMAL ELECTRICAL | {0,20 :vuite Altion Laboratories 


14185 E. Skyline Drive, LaPuente. 


CHARACTERISTICS OF MAGNETIC CLUTCHES Calif. >584 
FOR Matched-to-the-Machine PERFORMANCE tactile 


Electrical characteristics of the more commonly used magnetic BASIC SWITCH 
clutches are basically quite similar. Stearns engineers, however, ee ee ae a 
with knowledge gained from forty years of design and application eanut” switch is said to have a 2% 
experience, are experts at turning any of these natural character- million cycle mechanical life, no dead 
istics to advantage to provide true Matched-to-the-Machine per- break for sensitive application, high 
formance. Here are but a few of these “tricks of the trade,” with repeatability with only one moving 
the reasoning that made them possible: part besides button. 


The more commonly used electric clutches operate on direct current Other features: close tolerance 
only, and must be considered an inductive load in an electrical circuit. mounting in single or ganged set-ups; 
Even though normal operating speed of electrical clutches is generally 
quite rapid, and adequate for many applications . . . Stearns engineers 
have long recognized that because of a clutch’s inductive nature, a cer- 
tain amount of electrical inertia is present — which introduces a time 
delay in its engagement and disengagement. 


high temperature and impact resistant 


1. Engagement time is a function of the ratio of clutch coil inductance to circuit resist- 
ance. From this it follows that by increasing circuit resistance for a given clutch induc- 
tance, clutch engagement time will be speeded up 

In actual practice this can easily be accomplished { 


by connecting a resistor in series with the clutch ] RESISTOR 
coil, and operating the system on a higher voltage 
— as shown in the inset schematic to the right. 


2. On many applications, clutch disengagement 
can be speeded up by employing a slightly differ- 
ent circuit employing a resistor and capacitor in parallel with the clutch coil. In this 
case, opening the switch establishes a damped oscillatory wave in the clutch coil circuit. 
The clutch disengages shortly after the negative lobe of this wave appears. In some 
cases the resistor may be omitted, since its primary purpose is to limit current spikes 
caused by capacitor charging current when the | case. Offered with any of usual types 
switch is closed. Component values can best be of actuators. Simplified ganging 
determined experimentally since such variables as CLUTCH 5 achieved by using a No. 1 screw bolt 
mechanical inertia of the individual clutch armature COIL RESISTOR & (0.075 i Ne gee } | 
and inductance must be considered. Typical values CAPACITOR = bias re in. max) which passes through 
which might be used are a 600 W.V.D.C., 0.5 mfd T ° in-line holes. 

capacitor, and a 5 watt, 20 ohm resistor. he as Size—0.526 in. long, 0.250 in 











. wide, 
3. If extremely rapid engag t and di g t are required, Stearns —. 0.323 in. high; weight—1l.7 grams 
have successfully employed a combination of ‘the two circuits shown above . . “go (0.060 oz); contact—SPDT, fine sil- 
all the way,” and incorporate electronic circuitry using thyratron tubes. ver std. (others to order); contact 
For practical solutions to your starting-stopping problems... you pressure—59 grams (1.76 oz). Elec- 
can call on Stearns with confidence. For clutches and brakes — trical rating: 6 amp, 125/250 volts a-c, 
whatever your requirements — Stearns has a standard unit, or 30 volts d-c resistive; 3.5 amp, 30 vde 
will design and build units specifically for your application. | inductive sea level. Electrosnap Corp., 
Stearns brakes and clutches offer precision control ...smooth Switch Div., 4230 W. Lake St., Chi- 
starts and stops . . . fast, easy installation and maintenance . . . plus | cago 24, Ill. >585 
important cost savings in installation and operation unobtainable 
elsewhere. 


For Superior Service — Performance . . . Specify Stearns! DOUBLE-ENDED 

Call the Stearns representative in your vicinity for complete data on STANDOFF TERMINAL 
electromagnetic clutches, brakes, and clutch-brake combinations. Or 
write, outlining your specific requirements directly to . Double-ended Teflon standoff terminal 
No. 2167 is available in 2 sizes, with 
standing heights when mounted of ¥ 


Stians. Te tese eet tte State | 5 in. Specifically designed for 


seating on a terminal board, then 
120 NORTH BROADWAY mounting another terminal on top of it. 


NUIRVANG 44M ele) ise Terminals 2415, 2417, and _ the 
X2182 series press-fit into a 0.205 in. 
+0.002 in. hole, their sizes varying to 
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4 formable sheet 


(calendered and extruded) ° 


Y COLAC. 


HIGH IMPACT THERMOPLASTIC RESIN 


SOME OF THE 1001 END PRODUCTS 

MADE WITH CYCOLAC 
@ Kitchen Accessories Cycolac now offers you five types of resins . . . 
¢ Molded Pipe and Industrial Fittings each designed to serve specific requirements for better 
* Signs—Display Cases molding, extruding or calendering applications. It will pay 
e Desk Tops e Luggage 4 x : 
¢ Appliance and Tool Handles you to try Cycolac—it may be your simple solution to 
e Carpet Sweeper Housing and Wheels many product cost and quality problems. 


Write for latest technical data today! 





PACESETTER IN 


Division of BORG WARNER « Washington, W. Va. 
Me ar hon also represented by: 


CHEMICAL WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 
EXPORT: British Anchor Chemical Corp., N: York 
SYNTHETIC RESINS ritish Anchor Chemical Corp., New Yor 
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Part to be welded 
shows up sharply un- 
der 13X magnification. 


45X magnification 
and measuring reticle 
let inspector check 
winding tap-off gap to 
5° (.001"). Potenti- 
ometer shown below, 
actual size... tap-off 
leads at top. 


Welding .008" diameter wire to a part the size of a fly's wing 
—3-D micro-vision makes precision possible. 


Why ACE ELECTRONICS 
calls B&L Stereomicroscopes 


“INDISPENSABLE 


ee 59 

for sub-miniature assembly 
i> 

Mounting a triangle this size / ‘to a shaft head this 
size ( o ) with screws this size ?/? is just one phase 
of sub-miniature potentiometer production 
in the Somerville, Mass., plant of Ace Electronics 
Associates, Inc. Finished product is only 
l” in diameter, 2” long, yet conforms to 
electrical characteristics of units four times its size. 
Precision specifications hold work to tolerances 
of .001”. That’s why Ace uses over 100 B&L 
Stereomicroscopes—for magnified, distortion-free 
views in natural 3-D aspect—in every stage 
of manufacture from assembly to measurement 
to inspection. 


SEE FOR YOURSELF! FREE 15-DAY TRIAL! 
BAUSCH & LOMB OPTICAL CO. 
84734 St. Paul St., Rochester 2, N. Y. 


(10 I'd like to borrow a B&L Stereomicroscope for 
15-day trial without cost or obligation. 

(0 Schedule an obligation-free demonstration. 

0 Send me B&L 3-D Micro-Vision Book 

(Cat. D-15). 
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panel thicknesses from 


Processed 


accommodate 
14g to \ in. from 
and finished with 0.0003 in. tin-lead 
solder plate. Cambridge Thermionic 
Corp., 445 Concord Ave., Cambridge 


38, Mass. > 586 


brass 


RELAYS WITH 
ENCAPSULATED COILS 


Illustrated is the EM-1] with en- 
capsulated coil and tube. Encapsulation 
in polyester resin compound offers ad- 
ditional 


relay 


protection where rigors of 
harmful atmospheric conditions are ex- 
ceptional. 

Relays sealed 


have hermetically 


Armored —" 


ae 
aa 
4 


aluminum £8 \ Y 
"4 ——Glass tube 


casing A 


Potted tube 


ogee Plunger 


Alumina 


Encapsulated 
en ~ epee ceromic 


oT ~Ba a 
Mercury <= — | 
ES 


E ectrodef——\ | 
: 








Insuloted 
supporting 
conductor 
and 

electrode 


mercury-to-mercury contacts, 
millions of silent, service-free 
tions under adverse conditions. 
Suitable for outdoor switching, light- 
ing, motor control, air conditioning and 
heating, alarm and call systems, com- 
munications equipment, control panels 
and computers. Ebert Electronics 
Corp., 212-26 Jamaica Ave., 


Village 28, N. Y. 


offering 
opera- 


Queens 


>587 


A-C PICK-OFF RATE GYRO 
Model 36628 rate gyro utilizes an a-c 
inductive pick-off to produce high out- 
put with good linearity, low null, and 
unusual null stability. Oil-filled and 
hermetically-sealed, unit is designed 
for missile and aircraft control system 
applications. 

Ruggedness and _ insensitivity to 
mounting and dynamic loads has been 
achieved with the gyro’s basic design. 
Available in rate ranges from +10 deg 
per sec to +300 deg per sec. 

Because deflection of spring-restrained 
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NEW. Idea Obsoletes Old Switches 


For Telemetering . . Missiles . . Computers . . Communications 


abot 8, SWITCH 


az Saves time and money on operating and 
repairs. 


Has definitely longer life. 


Now being supplied, under U. S. Gov't speci- 
fications, for use by the Navy in communica- 
tions equipment both aboard ship and in 
shore installations. 


TABET Rotary, Wafer Switches have been proved by extensive tests on 
all types of time sequence switching for both manual and motor driven 
operation. Easily adaptable for stepping switch service. 


Individual TABET switch wafers (including rotary sections) are instantly 
removable without unsoldering or disassembling. 


~~ TABET printed circuit wafers permit unlimited choice of switch circuit 
configurations. 


— TABET wafers plug into rugged, semi-floating, printed circuit receptacles 
—which can be designed to match any wafer-circuit terminating patterns. 


— TABET wafer contact surfaces are heavily silver-plated for maximum 
life and low-resistance contact. Rhodium plating is used for motor-driven, 
high speed switching. 


An outstanding feature of the TABET Rotary Switch is the ease with which 
repairs and alterations can be made. 


@ It never is necessary to remove wires from the TABET Switch. 


@ Both the TABET wafers and their receptacles are easily 
removed. 


@ It is impossible to make errors in replacements on the TABET 
Switch. 


TABET Rotary, Wafer 
Switches are manufactur- 
ed under VU. S. Patent 
Nos. 2,832,901 and 
2,841,660. Other U. S. 
and Foreign patents 
presently are pending. 





Switch Showing Wafer . 
Mounting Arrangement 


For full information on the adaptability of TABET Switches to needs of your business, address: 
on ae 
7, /.c{ MANUFACTURING CO., INC. 
— 1336 BALLENTINE BOULEVARD NORFOLK, VIRGINIA 
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put Be/4,.742 in your designs 


D2'’2S Single Blower 


HEINZE 


D2'2D Double Blower 


BLOWERS 


are quiet 


When you want quiet, dependable 
operation, choose from the complete 
line of Heinze Blowers. The D2'%S 
single unit delivers 17 cfm (free air) at 
3100 rpm; D214D double blower sup- 
plies 34 cfm (free air). Both blowers are 
powered by 2 pole shaded pole induc- 
tion motor. Units are enclosed in dur- 
able plastic housing. They operate on 
115V, 60 cycle, and are available in 
other voltages and frequencies. 

Applications include dispersion of 
heat generated by electronic equip- 
ment, induction heaters, diathermy 
equipment, instrument cabinets, trans- 
mitter cubicles; also for tube cooling 
in television cameras, vending machines 
and drying operations. 

Send coupon for technical data on 
the complete line of Heinze Sub-Frac- 
tional Horsepower Motors and Blowers. 


ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 
Sub-Fractional Horsepower Motors and Blowers 


Heinze Electric Company, Dep’‘t 
685 Lawrence St., Lowell, Mass. 
Please send me technical literature and 


price information on Heinze Motors and 
Blowers. 


Name & Title 





Company 





Street & No 





City & State____ 
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gimbal is nominal 1.10 at full range, 
cross-talk and _ hysteresis error are 
minimized. G. M. Giannini & Co., Inc., 
918 E. Green Street, Pasadena 1, Cali- 
fornia. 


HIGH VOLTAGE POWER 
SUPPLY PACKAGE 


A 15 kv full-wave voltage doubler type. 


power package Model No. PS-15T op- | 


erates on 117 volt, 60 or 400 cycle 


input, delivers 1 ma continuous, 1.75 


| ma peak current at 15 kv d-c. Ripple 


is 0.5 per cent at 1 ma; regulation 


- 


approx 7 per cent from no load to full 
load. 

Offers high reliability and good re- 
sistance to shock and vibration. Housed 
in a CP70 case 334 x 4%e@ in. base x 9 
in. high, with oil-tight solder-seal ter- 
minals. Film Capacitors, Inc., 3400 
Park Ave., New York 56, N. Y. —>589 


SIZE 10 MOTOR 
TACHOMETER 


Less than 2 in. long, Model SJ9HLXT- 
1CC features min stall torque of 0.5 
in.-oz. Other features include a high 
output gradient of 0.500 


volts per 


thousand rpm and operating tempera- | 


ture range of —54 to +-105 C. 

The SJ9HLX7-1CC is normally 
wound for 30 volts, main and refer- 
phases, with a 30-volt center- 
tapped control phase. Other variations 
available in this 400-cycle unit. Can be 


ence 
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Thomas & Skinner’s Orthosil® 
Wound Cores are ideal for 
special applications and can be 
specially tested to customer re- 
quirements prior to shipment. 

These TxS Wound Cores meet 
and exceed customer require- 
ments in respect to all magnetic 
characteristics. 

Besides complete assurance of 
quality and specification con- 
formity, T&S offers its highly 
qualified engineering assistance 
—based on more than 50 years 
of experience in the magnetic 
materials industry—to help you 
select the core best suited for any 
given application. 

Ta&S’s entire organization 
prides itself in anticipating a cus- 
tomer’s problems in advance and 
providing the correct engineering 
recommendations to prevent such 
problems from materializing. 


SPECIALISTS IN 
MAGNETIC MATERIALS 


Permanent Magnets ® Magnetic Tapes (KS 
Laminations Ey and Wound Cores @ 


1114 East 23rd Street, Indianapolis 7, Indiana 
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watch Hoower’ 


gp 


Sats eT 


NEW BALL BEARING PLANT 
*2 MILES SOUTH - 
EXT INTERSECTION™* 


GOOD SIGN FOR BEARING BUYERS! On Michigan’s famed Willow Run Expressway, 
signs like the one above point to the newly completed Hoover plant. Here, new 
equipment and modern techniques are skillfully utilized to produce increased quantities and 
additional types of America’s Quality Balls and Bearings. Hoover has made 
these major improvements to provide better service for present customers . . . to serve more 
and more new customers. You are invited to write for complete information about 
Hoover products. Watch Hoover for future announcements of interest to bearing buyers. 


[NOOower 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 
Los Angeles Sales Office and Warehouse: 2020 South Figueroa, Los Angeles 7, California 
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For Highest 
Dependability 


supplied with gearheads, clutch, tem- 
perature compensation circuits and 
normal variations in output shaft. East- 
ern Air Devices, Inc., 387 Central Ave., 


Dover, N. H. >590 


SELENIUM RECTIFIERS | coon sower 


F-Frame cooling blowers Line F-1343-1 
are being used in computers to main- 
tain normal power supply tempera- 
tures. 

Motors are mounted inside impeller 
to reduce overall size and to obtain 
cooling effect on motor itself. Supplied 


in 115 or 220 volts, single or 3-phase, 
60 or 400 cps applications. 

Motor shown is 3134, in. in diam 
and is driving an 81% in. squirrel-cage 
impeller. Operating from a 208 volt, 
3-phase, 60 cps supply. it delivers 720 
cfm at 0 in. SP and 500 cfm at 1 in. 
SP. Air-Marine Motors, Inc., 369 Bay- 
view Ave., Amityville, N. Y. >591 


AUDIO TRANSFORMERS 
First in Preference, because of Audio transformers in military stand- 


& High Reliability ard cases are designed in accordance 
@ Wide Range of Sizes, Ratings, Circuits 
@ Quick Delivery 


(Many stack sizes available from stock) 


Write for Bulletins 


FANSTEEL METALLURGICAL CORPORATION 


North Chicago, Illinois, U.S.A. ES86A 





PEN DASLE RECT tt ces S 
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with MIL-T-27A, Grade 1, Class R | 


specifications and have life expectancy 


of 10,000 hr minimum. “ 
All in this series are in “AJ” size Vi mM 
cases, measuring 1°54 x 15% x 2% in. 2 
high and weighing 0.6 lb. Nine trans- 
formers in this group cover wide range 
of applications in military and com- 
mercial equipment. Chicago Standard Witelas Am Cla e 
Transformer Corp., 3501 Addison St., 
Chicago, Il. >592 


HEADER ASSEMBLIES at 


Two new header assemblies for her- 
metically-sealed electrical connections 


have electrodes compression-sealed in . . 
glass and are available in squared ends, | S] AS 


radiused, turreted, pressure disconnect 





or any variations of these. One size is 
for fractional to 1 hp (inclusive) re- 
quirements, the other for over 1 hp to 
5 hp (inclusive). Larger models are 4 7” 
obtainable. Bl 

All models will pass leak tests before 











and after welding. Mass spectrometer log N 750 lps 
equipment which detects gas loss as Catalag Nes. * Rated at milliamperes 


small as 1 ce in thirty years was used debby 
1N1645 


to develop seals. Hermaseal, Inc., 


yet so small in size. 
Elkhart. Ind. >593 1N1646 


N67 @ 
me Peak reverse voltage range 


HIGH-SPEED RELAYS 1N1649 50-600 volts 
Fast action with freedom from bounce, 1N1650 


= wee: Sigs aremeant and ex- 1N1651 > Reliable performance in 
cellent stability, mark a new series 1N1652 


of polarized relays. Under some con- 1N1653 temperatures up to 165°C 


ditions they will handle over 1,000 
0.8 


(Continued on page 200) | qO.7 
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Write for New Bulletin 6.302 
FANSTEEL METALLURGICAL CORPORATION 


North Chicago, Illinois, U.S.A. E585A 
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Now for the FIRST TIME 


FANSTEEL 


BLU-CAP 


TANTALUM CAPACITORS 


Developed by Fansteel to meet the current demand for a 


dependable, utility tantalum capacitor at prices that will fit 
it into almost any product where capacitor reliability in small 


sizes is desired. 


Fansteel BLU-CAP Capacitors are made in ratings from 
1.75 to 325 mfd., 6 to 125 wvdce. 
Engineering samples are available. Full details in Bulletin 6.120. 


* Trademark 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 


C588A 


RELIABLE TANTALUM CAPACITORS SINCE 1930 
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With two independent coils, the 
relays are available with various coil 
resistances up to 5,000 ohms each coil. 
Contact ratings vary with the switch- 
ing speed desired but range from 60 
milliamp to 2 amp with voltages to 
120 a-c or d-c, all SPDT. The Hart 
Mfg. Co.. 110 Bartholomew  Ave., 
Hartford 1, Conn. >594 


VANE-OPERATED LIMIT 
SWITCH 

Vane-operated proximity limit switch 
for use in controlling machinery travel 
has life expectancy three times that of 
lever switches when used with conven- 


tional low coil current relays. Capable 
of over 250 million operations with 
company’s static control. 

Operation remains consistent within 
+0.0025 in., providing position of vane 
is maintained. Response time approx 
0.001 sec. Rated 115 volts a-c and 0.2 
amp make-or-break, SPST design meets 
JIC requirements and is available in 
NO and NC forms with or without neon 
indicator. 

Cast aluminum enclosure is oil, dust 
and water-resistant. Size: 444 x 34% x 2 
in. Operating vane can be mild steel 
about 4g to %e in. thick and 11% in. 
wide. Handles No. 18 through No. 12 
wire. General Electric Co., Schenectady 


5) Not. 595 


ELECTRICAL CONTACTS 


Cor-Bond electrical contacts are made 
on automatic machines from red stock 
containing a firmly-bonded core of a 
suitable contact material, which may 
be fine silver, coin silver, gold, palla- 


ELECTRICAL MANUFACTURING 





dium, or special alloys. Body material 
usually yellow brass, although other 


materials can be used. 
Contacts are produced in one opera- OW Or p 
tion. As final part of operation, core is 


upset and formed to make contact face. 
This hardens face and provides smooth, 
burnished surface. 

Contacts insure improved electrical 
bond, better thermal and electrical con- 
ductivity, controlled contours. Fansteel 
Metallurgical Corp., North Chicago, 
Illinois. > 596 


HEAVY-DUTY MOTORS 


Machine tool motors in ratings through 

10 hp feature a fin type design which, SOLID 

in conjunction with the cast aluminum FA N S T £ * [ TANTALUM 
alloy frame, provides a heat dissipation 

ratio approximately three times as 


efficient as cast iron. AT 
These new units also feature vibra- S-T-A CA PACITO RS 


tionless running characteristics and 


SPECIFICATIONS AND ORDERING REFERENCES 


Working [Maxi 
Voltage Peak 
o-c Voltage 








Catalog | Capacity 
Number | in MFD* 





» STA 152 5.5 6 8 
4 : STA 157 3.5 10 12 
Actual Size STA 162 2.0 15 18 


Series 100 STA 167 1.5 20 24 
and 400 

STA 172 1.2 30 36 
compactness. Rotors are dynamically STA 177 35 42 
balanced and mounted between two oe ro os 
. _ : STA 181 60 72 

heavy-duty ball bearings. The motor’s 
radial air gap design permits the use 





ee 
eaNo 





Unsurpassed reliability, sub- cae ane 
. . . STA 457 
ef light, low inertia rotor for smooth miniature sizes, extremely low STA 462 
starts and quick stops. The motors are crate 
available in ratings from 14 through leakage (less than 3 micro- STA 472 


10 hp in totally-enclosed fan cooled 4 po 
and __totally-enclosed _non-ventilated amperes) temperature stability STA 481 


types, for continuous or intermittent = o STA 252 
duty. Reuland Electric Co., 3001 W. from —55°C to +85°C, ex- STA 257 
Mission Rd., Alhambra, Calif. ->597 oe ro 

cellent frequency stability. STA 267 
STA 272 


SUBMINIATURE RELAY Hermetically sealed with long ont 


Type KM lightweight, armature type STA 352 | 115 é S 


. . ° } } STA 357 70 10 12 
relay provides switching arrangements shelf and operating life. De- STA 362 | 45 15 18 


—-—-NN TL WAN— 


> 


6 8 
10 12 
15 18 
20 24 





an 


30 36 
35 42 
50 60 
60 72 





6 8 
10 12 
15 18 


-—wnN 
—-N@ 





20 24 
30 36 
35 42 


ue 








up to 3PDT; switches up to 2 amp at . sta 367 1 35 20 24 
115 volts 60 cycles, resistive loads; livery from stock (see table). STA 372 | 23 30 36 


provides over a million operations at ronda Wiad 7 = 
rated load. Relay occupies about 0.5 | Write for Bulletin 6.112 *Standard Capacity Tolerances ore minus 15%, plus 25% 























FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 
C589A 


RELIABLE TANTALUM CAPACITORS SINCE 1930 
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| cu in., weighs 5g oz and operates on 
| as little as 750 mw. The d-c operated 

. | velay can be furnished for voltages up 
| to 48 volts. It is available hermetically 
| 


sealed or open. Open version measures 
| 114 x 1% x 46 in. and sealed version 


measures 13g x 1% x 1% in. Potter 
& Brumfield, Incorporated,, Princeton, 


Precision High Production « ss 


| 

| 

|4PDT, 5 AMP RELAY 

| Series 8000 relay has a rating of 5 
ra amp resistive at 30 volts d-c or 115 


volts a-c; dry circuit, 5 wamp at 5 mv. 
Contact resistance is 0.050 ohms max 


CLEVELAND TOOL and DIE COMPANY SOLVES at 5 amp and 250 ohms max at 5 
YOUR PROBLEMS and meets your most exacting tool 
and die requirements. Cleveland Tool and Die Company 
has built individual dies which have produced millions of 
precision tolerance pieces without retooling. SEND FOR 
THIS FREE BROCHURE DESCRIBING OUR FACILITIES. 





pamp. Operate time is 10 millisec max 
and operate voltage is 28 volts d-c with 
a coil resistance of 400 ohms and 





power of 300 mw nom. 


FREE Brochure Other specifications: _life—200,000 


‘ eas : operations min with rated contact 
Describes facilities avail- F 


able. Send for your free 
copy today. No obligation, 
of course. 


loads: weight—3.0 oz max; vibration— 
20 g to 2000 cps; shock—50 g, 7 ms; 
acceleration—20 g, 60 sec; tempera- 
ture 65 to +125 C. 

Designed to meet or exceed all re- 
Typical lamination die custom made qeenaenes ot MIL-R-25018 and MIL- 
at Cleveland Tool and Die Company. R-5757C. Electro-Mechanical Special- 
Dies like this, dies for powder metal- ties Co.. Inc., 1016 No. Highland Ave., 
lurgy and other special purpose dies Los Angeles 38, Calif. >599 
are made by skilled craftsmen using 
the most modern techniques and 
ee GLASS CAPACITORS 
UP TO 300 C 
Here are just a few of the parts motor and ; ; 

. Glass capacitors operate at tempera- 
appliance manufacturers from all over the | tures up to 300 C (572 F) and are 
country have made on lamination dies highly resistant to nuclear radiation. 


produced by Cleveland Tool and Die Co. 





r-----—- CLIP and MAIL THIS COUPON TODAY 


CLEVELAND TOOL and DIE Co. 


1620 EDDY ROAD « CLEVELAND 12, OHIO 


Please send me the free brochure describing the facilities of 
CLEVELAND TOOL & DIE COMPANY. 


Available in capacitances up to 10,- 
000 put and have a d-c working volt- 
age of 300 volts at peak working tem- 
perature. Corning Glass Works, P.O. 

| Box 544, Corning, N. Y. ->600 


eee ae ae eee ner esenesesenese= 
eee 
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Introducing Allied’s 


) “1000 


New Clear Protective Coating for 
All Metals ...as safe and easy to 
handle as Water! 


New method of protection incorporates corrosion inhibitors in a water- 
soluble polymer base. Dries to an extremely thin, tough, durable coating— 
clear in color. Does not chemically affect base metal or any post-treatments. 
Used as a protective treatment alone or to enhance value of post-treatments. 


Allied’s new Irilac #1000 is a concen- 
trated solution of a water-soluble 
polymer with built-in complex corro- 
sion inhibiting materials. It was de- 
veloped to answer the needs of the 
metalworking industry for a non- 
conversion process that will provide 
corrosion resistance and resistance to 
fingerprinting and abrasion on base 
metals and electrochemically or chemi- 
cally finished surfaces-—without chang- 
ing the appearance of the metallic 
surface. 


There are no hazards involved—TIrilac 
is non-fuming, non-toxic, and requires 
no special fire prevention measures. 


THE PROCESS 


Irilac #1000 is diluted with water to 
provide a simple one-pass working solu- 
tion. It is then applied by dip, brush or 
spray and forms a coating that quiekly 
bonds to the metal surface without re- 
acting with the surface. 


THE PROPERTIES 


The resulting coating is clear, trans- 
parent, thin yet durable. It has excel- 
lent water-resistant properties, and can 
be rubbed, handled and subjected to 
rough treatment. The surface to which 
Irilac has been applied is not altered— 
in fact, the transparent coating brings 
full tone to colored surfaces and clarity 
to iridescent surfaces. The water-thin 
physical characteristic of the solution 
means that the coating provides pro- 
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tection in recessed areas that are 
difficult, if not impossible, to protect 
with other methods. 








STEEL PANELS: bare (left) and coated with 
Irilac (right) after 8-hour salt spray. 











ALUMINUM PANELS: bare (left) and coated 
with Irilac (right) after 168-hour salt spray. 


WHERE IRILAC CAN 
BE USED 


Irilac #1000 can be applied to any 
metal—wet or dry—treated or un- 
treated. All metals can be processed in 
one operation in the same solution. It 
can be applied in conjunction with any 
process—over Iridite, anodized, phos- 
phated surfaces, black oxide, etc. Sur- 
faces treated with Irilac provide a good 
base for paint. 


APPLICATION 
ADVANTAGES 


No other process or material available 
for the protection of metals offers all 
the application advantages found in 
new Irilac #1000: 


] it can be applied to any clean metal simply 
by dip, brush or spray. No special equip- 
ment is required. 


2 Saves time—just apply and dry—no re- 
action time required. 


No hazards involved—no exhaust or 
special fire protection equipment is re- 
quired. Irilac is non-fuming and non-toxic. 


4 Soves space. Presents no disposal problem. 
Low in first and final costs. 


Because of its versatility and complete 
safety, Irilac has unlimited uses. For 
example, it will protect aluminum 
furniture, brass hardware and fixtures, 
steel parts of all types, zinc castings, 
etc. In fact, any base metal or plated 
surface, or those treated with electro- 
lytic or chemical post-treatments, can 
be improved or enhanced with Irilac. 


IRILAC #1000 MAY BE 
THE ANSWER TO YOUR 
PROTECTION PROBLEM 


Our development staff will be glad to work 
with you to determine the significant bene- 
fits Irilac can offer you. Simply send us some 
parts and let us show you what Irilac can 
do. No obligation, of course. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 


BALTIMORE 5, MARYLAND 


Manufacturers of IRIDITE®, IRILAC"’’:, ARP® Brighteners and 
Plating Chemicals — West Coast Licensee: L. H. Butcher Co. 
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PRE-INSULATED DIAMOND GRIP terminal 


If you need terminals with bonded insulation—if you need 
corrosion resistance and wire-supporting vibration resistance— 
you have it instantly in one closure of A-MP’s matched crimping 
tool. Only one lightning-quick step for crimp-sure optimum 
strength and conductivity. A-MP PRE-INSULATED DIAMOND 
Grip Terminals exceed the most rigid military and commercial 
specifications. 

A-MP’s precision-engineered terminals are matched to pre- 
cision-engineered tools that make an exact crimp every time, 
never too little, never too much. Perfect terminations—whether 
you need one or a million. No great operating skill necessary. 
A-MP’s match-mated tooling does all the work and at lower 
installed cost than other methods of wire termination. Wire 
range is from No. 26 to No. 10. 

To solve your wire-end problems, we maintain an international 
engineering service. 

For the full story on the A-MP PreE-INSULATED DIAMOND 
Grip line, send for our catalog. 








Laboratory 


and 
Engineering 
Equipment 





CABLE MACHINE 


Cable machine will allow user to as- 
semble automatically any type of cable, 
on-the-spot, as needed in his own shop. 
Tested under actual production condi- 
tions, machine eliminates expense of 
an extruder and permits instant fabri 


_~ 


cation of cables with virtually any 
material by non-technical personnel. 
Comprised of a basic unit; wire 
pay-off unit; and power package with 
take-up assembly and take-up spool. 
Dimensions: basic unit — 50 x 15 x 30 


in.; wire unit—52 x 36 x 40 in.; 
power package—23 x 27 x 36 in. 
Specifications: diameter capacity 

from 14 to 2% in. diam Zippertubing; 
conductor capacity —thirty-six 6 in. 
spools per pay-off unit; speed — de- 
pendent upon cable diam (up to 900 
ft. per hr); power —% hp, 115 volts 
a-c/d-c, 1725 rpm. The Zippertubing 
Co., 752 South San Pedro St., Los 
Angeles 14, Calif. 601 


ELECTROMETER AMPLIFIER 


Model 201A electrometer amplifier 
features wide frequency response with 
low current ranges. On lowest range, 
3 x 10° amp, response times of 
less than 0.1 sec are available, includ- 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 
A-MP products and engineering assistance are available through wholly-owned 
subsidiaries in: Canada + England « France « Holland « Japan 
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Reducing total installed costs is no heads or tails affair with the AMP electrical/electronic 
circuit terminating method. There’s no clutter or extra material, no temperature problems, multi-step 
assembly or snarled-up inventory mess. The AMP method is simplicity itself—just the terminal and 
the tool that go together like the two sides of a coin—never one without the other. 
Production rates with A-MP tools are astonishing—up to 4,000 finished wire terminations an hour, 
with but one A-MP automachine and one operator. As for precision, no other wire terminating 
method can match the assured uniformity and reliability of the A-MP terminal and tooling team—a team 
that turns out an endless parade of unexcelled terminations. . . all as identical as newly minted 
coins. There are no doubtful attachments, no hidden defects to slip by your inspection department. 
Speed, simplicity, uniform reliability—this means a lower installed cost per electrical circuit termination 
over all other methods. Nothing is left to chance with the AMP Cost Saving Method. You can bank on it. 


Send for our new Cost Saving Brochure. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France « Holland « Japan 
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ing effects of capacity which may be 

introduced by input cables. 
Instrument is direct reading and has 

provisions for oscilloscope and recorder 


. a . 
paras monitors. 
| > | Applications: low and high frequen- 
/ 


cy coverage for piezoelectric transduc- 
ers; monitoring of reactors; high in- 
put impedance amplification for fast 
recorders. E-H Research Laboratories, 
2161 Shattuck Avenue, Berkeley 4, 


ol=folmal=sole cai - 
Just one of TRANSISTORIZED A-C D-C 


hundreds of 
an fey @) r Brevel variations POWER SU PPLIES 


These tiny units for transistor, plate 
and filament voltage are valuable in 


PROVIDES LOW-COST laboratory and in field for computers, 


telemetering, airborne equipment, and 


issile circuitr ° 
S Ke W M OT | ‘@) N é bh sig eet with or without reg- 


ulation. Standards operate from 105- 





This gear-head motor, like all Brevel motors, is volume produced 
. . to your exact specifications—or you can order from a wide 
stock selection. Modifications are easily made to meet desired 
speed, rotation, shaft length, and type of application (continuous 
or intermittent). 
Write, wire or phone today, for informative bulletin EM-104. 
Better still, outline your problem or send us your specifications— BREVEL 


BREVEL PRODUCTS CORP., 601 W. 26th St., New York » WA 4-4737 


SLOW MOTION IS OUR BUSINESS! 
Circle 214 on page 17 


125 volts a-c, 60 cps or 400 cps 
single-phase, or 400 cps 3-phase inputs. 

Outputs range from 5 to 28 volts 
d-c in power ratings to 5 amp, and 
from 100 to 300 volts d-c in power 
ratings to 400 ma. Universal Transistor 
Products Corp., 17 Brooklyn Ave., 
Westbury, L. [., N. Y. > 603 


DIGITAL VOLT-OHMETER 


Model 400 A measures d-c volts with 
£0.5 per cent of full scale absolute 
accuracy; a-c and ohms with +1.0 per 
cent absolute accuracy in each of 3 
ranges. When using any 0.1 per cent 
accurate external standard, instrument 
is accurate to 0.1 per cent of full 
scale. 


Measures positive or negative volt- 


Here’s how Wisconsin Ceramic Parts 
help cut production costs! 


Highly developed manufacturing Send a sample or blue print and 
process makes it possible to obtain tell us your requirements. We will 
a great degree of accuracy on porce- be glad to quote prices and delivery. 
lain, refractory, steatite and filter 
parts. 


Serving the Electrical and Electronic 


Industries since 1919. 
The uniformity and toughness 
of Wisconsin Ceramic parts result in WISCONSIN 
components that fit easily and accu- PORCELAIN CO. 
rately into place,—speeds assembling 1S Market St. 
and increases production efficiency. SUN PRAIRIE, WISCONSIN 
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SELF-LUBRICATING 


prove a match for top payloads 
on ATHEY Rear Dump Trailers 


Oilite* Bronze Bearings have proven more than a match for the 
92 i ‘saliieadaa 
22 and 34-ton payloads on Athey Rear Dump Trailers. TwNCAL PaDeERTes 


Oil-cushioned against shocks and impacts, these Oilite heavy-duty OF SELF-LUBRICATING BRONZE 
bearings have demonstrated that they will withstand years of OILITE BEARINGS ¢ 
punishment and still give satisfactory service. They require only - 
infrequent lubrication and help Athey substantially increase the Porosity, % 
dependability of its hauling units. Yet, Oilite Bearings cost less Ultimate Tensile 

than many other type bearings! Strength, (psi) . 


No wonder more and more designers are specifying popular Oilite Compressive 

self-lubricating Bearings for motor vehicles, appliances, engines, Strength (psi) 

power tools, machinery and countless other products. Elongation, 

Contact your local Oilite Engineer today. He'll gladly provide 13 nadia 

complete design information to help you make your bearing Grinel Mardness oF suis 
and bushing applications low-cost, dependable and maintenance- + Oe ee a physical 
free. Look for him in your telephone directory under “Bearings— 

OILITE” or write direct to Dept. E-10. 

















* REGISTERED TRADEMARK 
ONLY CHRYSLER MAKES OILITE 


the most trusted name in powder metallurgy 


once ns (i ,AMPLEX DIVISION 


CHRYSLER CORPORATION, DETROIT 31, MICHIGAN 
SELF-LUBRICATING BEARINGS © PRECISION PARTS © METAL FILTERS © FRICTION UNITS 
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ages from 0.01 to 1000 volts d-c, a-c 


Keep equipment at peak | to 1000 volts, and resistances from 10 


ohms to 10 megohms. On a-c measure- 


operating efficiency with |. ment, unit measures up to 100 ke with 


standard probe. Provisions for acces- 


this Ne l -Cost | sory high-frequency probe. 
CW, OW Use of quick-action fasteners _ per- 
TIME TOTALIZER! mits easy access to all circuitry in 
bf few seconds without removing screws 





or bolts. Franklin Electronics, Inc., 
Bridgeport, Pa. > 604 


SILICON D-C POWER SUPPLY 


Regulated power supply features mag- 
netic amplifier control with ferromag- 
netic overload protection circuit, eli- 
minating one-time fusing normally as- 
sociated with silicon units. 


Ratings: input 115 volts, single- 
phase 60 cycles a-c; output 5-30 volts, 
40 amp d-c. Regulation +1% per cent, 
ripple 1 per cent. Gates Electronic Co.. 
2090 Barnes Avenue, Bronx 62, New 
a *Trademark Reg. U. S$. Patent Office York. >605 

DIRECT READING COUNTER .. . accurately records oper- DIRECT W 
ating time in hours and tenths up to 9,999.9. REC «beatin MS 

SMALLER, LIGHTER . . . than any other commercial unit. 
Weighs 5 ounces. Overall length only 214”. 

RUGGED . . . withstands heavy shock and vibration. Oper- 8-channel systems packaged in a single 
ates over a temperature range from —55°C to +71°C. mobile vertical cabinet. Specifications 
Case is dust-tight and oil-tight. include frequency response flat to 100 

© LOW POWER REQUIREMENT .. . 2.5 watts at 120 vac. cps at 10-division peak-to-peak ampli- 
© COMPLETELY DEPENDABLE .. . utilizes the well known tude and 3 db down at 120 cps; 
Haydon Timing Motor. 

@ AVAILABLE .. . for 60 cycle operation at 120 or 240 vac. 
The low cost of this new Series ED-71 Elapsed Time Indi- 
cator makes it possible to provide an economical, accurate 
record of operating time for machine tools, communications 
equipment and practically any other type of industrial or 
commercial installation. Insures accurate scheduling of main- 
tenance, tool changes and parts replacement. Helps to keep 
operating efficiency at a maximum . . . operating and mainte- 
nance costs at a minimum. Other Haydon Elapsed Time Indi- 
cators of similar size and weight are available for military 
applications. 


WRITE NOW FOR FURTHER INFORMATION 


The “350” series are complete 6- or 





DIVISION OF 
GENERAL TIME CORPORATION 





Haydon 


2534 EAST ELM STREET 
AT TORRINGTON es CONNECTICUT 


HEADQUARTERS FOR TIMING 
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Big scope 
performance 
and positive 

dependability 


...with I mv sensitivity 


-hp- 130A Low Frequency Oscilloscope 


Few, simple controls 
Immediate delivery {| 
Direct reading 

“Universal” automatic trigger 


No preamplification with 
most transducers 


Similar X and Y amplifiers 
High stability, accuracy 








We have been told, and we frankly believe, that 
the 130A is the best low frequency oscilloscope offered. 
Certainly, the best value. 


But seeing is believing. Call your -hp- rep now, 
and ask him to bring over a 130A. Wring it out on your 
own problems, on your own bench. 


See if you don’t find it vastly simpler to use. Faster. 
More sure. Steady, dependable, versatile. 


Note the “‘universal” automatic trigger arrangement 
which virtually eliminates resetting regardless of input. 
And the bright, rock-solid trace, generally without 
preamplification. between scope and transducer. 


Wouldn’t this oscilloscope mean real time-savings and 
simplification to you? Call about it now! 


HEWLETT-PACKARD COMPANY 


4689M PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A, 
CABLE “HEWPACK" * DAVENPORT 5-4451 


.~ 


TRaGER LEVEL 


K 








~ 


Input Amplifiers: (Similar Vert. and Horiz. Amps.). 
Sensitivity 1 mv/cm to 50 v/cm; 14 calibrated ranges, 
1-2-5-10 sequence plus continuous vernier. Pass band 
de to 300 KC; ac or de coupling. Balanced input on 
1, 2, 5, 10 and 20 mv/cm ranges. Direct reading. 


SPECIFICATIONS 130A 


Sweep Range: | Hsec/cm to 12.5 sec/cm. 21 sweeps, 
1-2-5-10 sequence. Direct reading, 5% accuracy. 
Triggering: Internal, line voltage or external 0.5 v 
or more. Pos. or neg. slope, +30 to —30 v trigger 
range. 
Preset Trigger: Optimum setting for automatic stable 
triggering. 
Amplitude Calibration: 1 KC square wave, 2% 
accuracy. 
Price: -hp- 130A (cabinet) $650.00 

-hp- 130BR (Rack Mt.) $650.00 


Data subject to change without notice, 
Prices f.o.b. factory. 





complete line of high quality oscilloscopes 


OCTOBER 1958 Circle 218 on page 17 





LOOKING 


FOR THE 


—_ 


ne 


“FRY 


THIS 
NUMBER 








Advance offers a wide selec- 
tion of compact, positive-act- 
ing, AC or DC relays for 
power control and power 
transfer. They can be used in 
any position, because high 
gram pressure is maintained 
by heavy spring tension. 
Rugged components, care- 
ful assembly assure long life. 


sia ee \ —— 
ae aay \ 


\ 


vor 








In addition to PC type relays 
(specifications below), Advance 
can also supply PG (general pur- 
pose) and PV (very heavy duty) 
power-type relays, with contact 
ratings varying from 15 amps to 
30 amps. 


SPECIFICATIONS 


Coil resistance, DC: From 16 Ohms, at 6 volts, to 4,000 
Ohms, at 110 volts. 

Coil resistance, AC: From 1.6 Ohms at 6 volts, to 2,500 
Ohms, at 220 volts. 

Contact a From SPST, NO or NC, up to 
4PDT. 


Nominal power required, DC: 2 to 3 watts. 
Nominal power required, AC: 10 to 12 volt-amperes. 





Contact rating: 15 amps resistive, 5 amps inductive at 
115 volts AC or 26.5 DC. 











Available From Leading Distributors 
WRITE FOR COMPLETE DETAILS 


Data sheets are available on the PC series (power con- 
trol), the PG series (general purpose power transfer), 9) 
and the PV series (very heavy duty power transfer). 


ADVANCE RELAYS 


A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 


Dept. C, 2435 N. Naomi St., Burbank, California 
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linearity 0.2 div. over entire 50 divi- 
sions; hysteresis level less than 0.2 
div. 

Recorder package includes flush- 
front recorder with paper take-up, 
transistorized plug-in power amplifiers 
and a power supply in 1714-in. panel 
space. Recorder-power amplifier as- 
sembly has sensitivity of 0.1 volt per 
div. 

Design features: all controls on front 
panel; paper loading from front; 8 
in. of visible record; electrical push- 
button control of 9 chart speeds from 
0.25 to 100 mm per sec. Sanborn Co., 
175 Wyman Street, Waltham 54, Mass- 
->606 


achusetts. 


HIGH-IMPEDANCE VTVM 


Model 311 has input impedance of 22 
megohms and gives peak-to-peak read- 
ings of complex a-c voltages as well 
as sine waves. Peak-to-peak and rms 
values are located on same scale for 
simultaneous reading. 

With accuracy of +3 per cent on 
low d-c voltage scale, unit also gives 


close measurement of low values found 
in transistorized circuitry. One of ac- 
cessory probes is an r-f unit capable 
of handling a-c voltages up to 150 volts 
rms or 400 volts peak-to-peak up to 
100 me. 

Meter is 4'%-in. “Wide-Vue” type. 
Tester metal and measures 
7% x 558 x 4% in. deep. Simpson 
Electric Co., 5200 W. Kinzie St., 
Chicago 44, IIL. ->607 


case 1S 


MINIATURE POWER SUPPLY 


This 514-0z power supply, which occu- 
pies only 5 cu in., will supply 60 ma or 
more current at 300 volts d-c from a 
115-volt, 400-cycle a-c input source. 
Uses silicon diodes and paper capaci- 


tors. Unit is qualified per MIL-T-5422C 
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COIL Type BUSS — 
Heat-Limiters 


LEAF Type 
BUSS Heat-Limiters 


Cut Off the Current at a Predetermined Temperature 
to Protect . . . . Hair Driers, Refrigerator Defrosters, 
Deep Fryers, Incubators, Ovens, Cookers, Heaters, 


Combination Room Coolers or 


apparatus 


other devices or 


where failure of temperature control 


might cause trouble or a hazard. 


ELEMENT Type 
BUSS Heat-Limiters 


we, 


If overheating can cause trouble 
or danger — BUSS Heat-Limiters may 
answer your problem! 


Many types ot electrical devices or 
apparatus can now be protected against 
excessive overheating creating a hazard 
or resulting in loss of material. 


Properly installed, a BUSS Heat- 
Limiter will open the circuit if anything 
causes the temperature at the thermal 
cut-out of the Heat-Limiter to rise 
above its opening point. The ability 
of BUSS Heat-Limiters to do this may 
be the answer to your overheating 
problem. 


Safe protection remains safe: 
To make sure the high degree of pro- 


ANOTHER 

OUTSTANDING : 

A DEVELOPMENT ; 
BY THE MAKERS OF 


BUSS FUSES 
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tection you want cannot be altered 
BUSS Heat-Limiters are non-resettable. 
If a Heat-Limiter opens to protect, it 
must be replaced with another that 
has been accurately calibrated at the 
factory. 


Where used: BUSS Heat-Limiters 
can be installed in the heater element 
circuit—or if the heater current is con- 
trolled by a contactor they can be in- 


stalled in the relay circuit. 


BUSS Heat-Limiters are available in 
many types and in many styles of 
terminals to suit requirement. Tell us 
your problem and let BUSS engineers 
help you solve it. 


For more information use coupon 
or write, Bussmann Mfg. Division 
(McGraw-Edison Co.) St. Louis 7, Mo. 


Bussmann Mfg. Division (McGraw-EdisonCo.) University at Jefferson, St. Louis 7, Mo. 


Please send information on BUSS Heat-Limiters. 
Name 
Company 


Address 
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PALNUT LOCK NUTS and FASTENERS 


REDUCE 


— PARTS 
— OPERATIONS 
—ASSEMBLY COSTS 


PALNUT Lock Nuts are precision-made of tempered spring steel— 
cost less than plain nuts—save 65-85% in fastener weight — save space — 
eliminate lockwashers and flat washers—assemble easily and fast with 
standard tools, extra-fast with PALNUT Magnetized wrenches — hold 
tight under vibration. Other specialized PALNUT Fasteners provide 
big savings and better assemblies on unthreaded studs, rods, rivets, 
pins and shafts. 


PALNUT LOCK NUTS 


Regular 
Hex 


Regular Type. Used alone as 
a load-carrying nut on light 
duty assemblies or used on top 
of ordinary nuts on high stress 
assemblies. 


Washer Type. Lock nut and 
washer in one piece, replaces 
ordinary nut, lock washer and 
flat washer. Many design 
variations. 


Inverted Type. A compact 
lock nut for light duty cssem- 
blies. Pleasing round dome. 


Wing Type. Combines locking 
principle of PALNUTS with ease 
of finger tightening and 
removal. 


SELF-THREADING NUTS 


Form their own deep, clean 
threads while tightening on 
unthreaded zinc die-cast 
studs; also on unthreaded rod 
or wire of steel, aluminum or 
brass. Save threading costs. 
Fast assembly with standard 
tools. Provide vibration-proof 
grip, whether seated for load- 
carrying or unseated as a 
“stop nut". Remove and re- 
use on same studs. Sizes for 
Ve", %" and Ye" dia. 


for Threaded Assemblies 


Acorn Type C. Smooth dome 
shape covers up unsightly, 
rough bolt ends for attractive- 
ness and protection against 
scratching. 


Acorn Type CK. Semi-acorn 
type, used as a lock nut when 
seated—or as an adjusting 
nut or stop nut anywhere on 
threads. 


Tension Nuts. Hold adjusting 
screws to desired setting. Easy 
assembly—simple adjustment. 


Self-Retaining Nut. Spring- 
tempered steel captive lock 
nut for #8-32 screws in blind 
applications. Flared sides re- 
tain nut in slots or cavities. 


PUSHNUT® FASTENERS 


“Rs Simply push or tap on un- 
= we threaded studs, rod, wire or 
‘ rivets. Save threading, notch- 
CepTypeW ing, drilling fer cotter pins. 
Strong spring grip resists 
removal. Low in cost, fast 
assembly. Many types and 


sizes 
Fiat Type H 


Acorn Acorn 
Type Type 


c t cK 
closed end oO open end 


Write for Catalog 573-C and Free Samples, stating type, size and application. 


THE PALNUT COMPANY, 


PALNUT’ 


66 Glen Road, Mountainside, N. J. 


in Canada: P. L. Robertson Co., Ltd., Milton, Ont. 


LOCK NUTS 
FASTENERS 





PAL 


Quick, secure fastening at low cost 
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for a variety of airborne or ground ap- 
plications. High operating efficiency 
results in almost no internal heat dis- 
sipation. Output voltage ripple is less 
than 5 per cent at full output rating. 
Master Specialties Co., 956 E. 108th 
St., Los Angeles 59, Calif. > 608 


RESISTANCE BRIDGE 
INDICATOR 

Model A-2C2 reads actual values such 
as psi, microinches per in., ft Ibs, etc., 
and automatically handles both posi- 
tive and negative input signals to in 
dicate values from —1000 to +1000 


Front panel controls permit follow- 
ing settings for strain gage problems: 
gage factor, number of active legs, 
full or half bridge, zero balance, 
amplifier gain control, positive or 
negative load, transducer voltage 
level, electrical zero. A calibration 
selector switch enables operator to 
shut any one of the 4 possible bridge 
legs with a choice of 5 precision cali- 
bration resistors. 

Applications include wind tunnels. 
structural test labs, instrument labs, 
aircraft and missile test stands. 
Datran Electronics, 1836 Rosecrans 
Ave., Manhattan Beach, Calif. —»609 


SENSITIVE LEAK-DETECTOR 


Type 24-110A features a 5-fold in- 
crease in sensitivity over former model. 
Instrument is special type of mass 
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To simplify your power equipment design... 
REVERSE POLARITY TYPES... 


OPTIONAL MOUNTING STYLES... 


Versatility... 


Aiate-+o mn oe-4ol OM -lsalel-la— 
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Silicon Power Rectifiers 





oy 
we” 
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Rectifier Corp. 


VERSATILITY in types, ratings and mounting configurations, coupled with field 
proven reliability and high efficiency can add up to a simplified, more depend- 
able design for your industrial power rectifier equipment. Mechanical inter- 
changeability with other available types makes quick replacement possible, 
enabling you to benefit in performance from the advanced design, manufac- 
turing and test techniques developed to meet the most rigid military require- 
ments... now used in the production of all silicon power diodes! 


REVERSE POLARITY TYPES. In addition to optional base configurations, 
diodes are available in reverse polarity types, further simplifying stack con- 
struction — resulting in a smaller, lighter completed assembly. 


Type Current Rating Voltage Rating Bulletin 
25 series 25 to 45 amps. 50 to 600vPIV 
45 series 45 to 150 amps. 50 to 800vPIV 
70 series 70 to 250 amps. 50 to 400vPIV 
Military types 35 amps. 50 to 1000vPIV 
(includes 1N412B) 
Complete assemblies utilizing these diodes are also available. 


You are invited to investigate increased efficiency and possible savings in 
space, size and weight these rectifiers can bring to your equipment. Samples 
for your own evaluation tests will be supplied upon qualification of your 
application requirements. Write today or contact our representative. 


EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA e PHONE OREGON 8-6281 e CABLE RECTUSA 


NEW YORK AREA f E Tr PHONE AFA 
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GENERAL CABLE 


the complete line of 


Long experience in the manufacture of magnet wire has enabled General 
Cable to develop the industry's widest range of both returnable and non- 
returnable containers of all types. Designed to meet widely varying 
customer demands, they insure safe delivery and facilitate use of the wire 
at the lowest possible cost to you. No matter what magnet wire packag- 
ing problem you have, consult General ‘Cable... they have the right 


packaging for you. 


STAR-PAK PAIL and DRUMS 
Non-Returnable, No Deposit 


#12 STAR-PAK pail, weight 75-100 Ibs., for size 15 
through 29 AWG. 

#30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. 

STAR-PAK pails and drums are palletized for ease of 

handling. 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 4/2 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
are palletized for shipment. 


Payout Equipment General Cable also has available a com- 


plete line of accessories used in the take off of wire from STAR-PAK pails and drums 


or in spinning wire from reels and spools. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast 


for quality and service 


--- Specity 
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spectrometer “focused” on mass 4 
(helium). Locates and gives precise in- 
dication of size of leaks in pressure, 
vacuum and hermetically-sealed equip- 
ment. 

Sensitivity increased by factor of 5 
through addition of a butterfly (or 
sensitivity ) valve between manifold and 
diffusion pump. 

With system pressure below 0.05 mi- 
crons, and sensitivity valve in closed 
position, a leak rate of 2 * 10-1" atmos 
per ce per sec of helium will pro- 
duce 5 per cent of full scale reading 
on the X1 range. Visual indicator used 
both to locate leaks and determine 
leakage rate. Consolidated Electro- 
dynamics Corp., 300 No. Sierra Madre 
Villa, Pasadena, Calif. >610 


DOUBLE PULSE GENERATOR 


Model 3460A megacycle double pulse 
generator provides 2 separate or mixed 
fast rise time outputs at variable repe- 
tition rates and separation, independ- 
ently controllable in width, amplitude, 
and polarity. 

Repetition rates continuously vari- 


able in 4 decade ranges from 200 cps 
to 2 mc. Pulse width and separation 
continuously variable from 0.1 to 100 
psec. Output from each channel vari- 
able +35 volts into 93 ohm load with 
60 db attenuation provided. Electro- 
Pulse, Inc.. 11861 Teale St., Culver City, 
Calif. >611 


AIR-POWERED DRILLS, 
SCREW DRIVERS, 
NUT SETTERS 


Series of air-powered drills, screw 
drivers and nut setters is designed to 
speed up light fastening production 
jobs. 

Powered by Keller No. 1 air motor, 
line of air tools provides speed and 
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EXPENSIVE 
MACHINING 
ELIMINATED 


Combination clutch and pulley drive used in 


wide range of Westinghouse Laundromat® §@ 


automatic clothes washers 


By coming up with an imaginative 
approach, Chicago Molded engineers 
eliminated a costly machining operation 
previously needed on this pulley slide 
when it was made of metal. The solution: 
a nylon body with a stamped metal insert 
(sheet steel, flash plated with copper). 
This was no mean designing feat. 
Chicago Molded engineers not only had 
to produce a less expensive part, but 
recommend materials and methods that 
would come up to commercial standards 
in mass production. This included meet- 
ing close tolerances on both the internal 
diameter of the shaft and the slot — not 
easy to mold on a multiple contour shape. 
Another complicating factor was injec- 
tion-molding around a metal insert. 
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WHEN CHICAGO MOLDED 


SHOWS HOW NYLON CAN 
REPLACE METAL... 
AND MAKE A BETTER 
PART, FOR LESS 


Working with the Westinghouse 
Laundromat engineering group, Chicago 
Molded also came up with a versatile, 
flash-free mold that could be used to 
make two different pulley slides. This is 
necessary because there are two slide 
types, each with a different helical pitch 
(24° right and 14° left). What they did 
was design a multiple cavity mold that 
permits simultaneous production of 
both types. The secret: removable sec- 
tions in the mold for changing the pitch. 


See you at the Plastics Exposition—Booth 615. 
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The success of this design illustrates 
the cost-cutting results you get by having 
Chicago Molded engineers work with 
your people in the blueprint stages. In 
suggesting materials and modifications 
— as well as in designing molds — they 
can, as they did for Westinghouse, make 
a better product at lower cost. Perhaps 
that’s why 66% of Chicago Molded’s 
business comes from firms served for 
over 25 years. 

Write today for a free subscription to 
Plastics Progress, Chicago Molded’s 
data-packed magazine on up-to-date 
developments in plastics., 


CHICAGO MOLDED 
PRODUCTS CORPORATION 
1024 North Kolmar Avenve, Chicago 2, Illinois 
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New Modular Design 
ANY COMBINATION-Single or Dual 


IN PRESET COUNTERS 


2-3-4-5-6 Decades 


Applications—Industrial counting, sorting, batching, winding, 
packaging and other control functions. 


v 


v 


Check these Fealtives— 


WIDE RANGE—From 0 to 5,000 cps on manual; from 0 to 
2,000 cps on automatic reset. Range from 1 to 999,999 
counts. 


SIMPLICITY — 2 or 3 Decade Modular plug-ins, pluggable 
control unit and accessories provide maximum flexibility, 
ease of maintenance, high reliability. Dependable glow tubes 
for scaling and display. 

VERSATILITY — Photo-cell input; variable contact closure 
time; relay latching for “hold’’; remote or local reset; plug-in 
batching registers and dual presets available. 


COMPACT, LIGHT WEIGHT—The 4 decade unit is 6” x 12” 
x 13” and weighs 13 pounds. Other units in proportion. 


¥ ECONOMICALLY PRICED—The Model 320 Series range in 


price from $375.00 to $650.00, F.O.B. Hawthorne, California. 


Write for detailed information and prices on Model 320 
and other ERIE Digital Instruments 


OIvVviSton 
ERIE RESISTOR CORPORATION 
RNE CALIF 


MAIN OFFICES: ERIE PA A FACTORIES ERIE PA © HAWTH 
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fastening 
and_ small 
operator to 
handle any Motor’s im- 
proved muffled exhaust keeps noise lev- 
el at minimum. 

Model 11A-1 (illustrated) straight 
drill provides high-speed, sensitive 
drilling of small holes to 52 in. Gard- 
ner-Denver Co., Quincy, Ill. >612 


for rapid 
weight 
for 
line. 


power required 
operations. Light 
make it 
tool in 


size easy 


PACKAGED STATIC D-C 
POWER SUPPLIES 


These power supplies for motor drives 
are designed for use in metal rolling 
and processing industries. Ratings ex- 
tend up to 300 kw. Also expected to 
find applications on feed drives for 





machine tools, conveyors and 
chronous motor field supplies. 
Supply may be used instead of 
motor-generator set normally used in 
processing lines and where _ non-re- 
versing adjustable speed drives without 
pumpback currents are required. 
Transistors employed for regulating 
output of 3-phase amplistais 
used. Silicon rectifier power supplies 
housed in small pull-out drawers to 
facilitate replacement and_ reduce 
downtime. Circuit breakers used to in- 
dicate faulty rectifier circuits in event 
of failure. General Electric Co., Sche- 
nectady 5, N. Y. >613 


STATOR INSULATING 

MACHINE 

Machine is designed for forming and 

inserting insulators into salient pole 

stators. Insulating material is drawn 
(Continued on page 220) 
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PRODUCT-DESIGN 


MEMOS" 


High-impact phenolic 


Flying saucer? 


This plastic housing helps airmen find out 
what’s cooking on the roof of the world. 

It’s part of a radiosonde, a device that 
has sparked many flying-saucer reports. 

Dropped from a high-flying weather 
reconnaissance plane over an ocean or 
arctic ice, the radiosonde flips its plastic 
lid, releasing a parachute. 

The ballooning chute yanks an antenna 
line out of the case. Then, as the device 
drifts groundward, it broadcasts a code 
report on air temperature, pressure, and 
humidity every six seconds. 

Picked up by radio men, these signals 
enable the Air Force to piece together ac- 
curate forecasts of flying weather over 
remote frontiers. 

The snap-off housing is molded of 
Durez 16771 Natural, selected for its im- 
pact strength and its ability to stand ex- 
tremes of temperature and humidity. 

In sharp contrast to the mass produc- 
tion of phenolic parts, this use of Durez 
suggests its ability to meet your out-of- 
the-ordinary requirements. 

If you'd like technical data on 16771 
Natural, check the coupon. For informa- 
tion on other special-purpose phenolics, 
write us, outlining the problem. 


Multipurpose molds 
The trouble with terminal blocks is--every- 
body wants them different. 

An answer to this problem has been 
discovered by Rohden Manufacturing Co., 
Inc., Chicago, suppliers of molded phe- 
nolic terminal blocks to industry. 

Plagued by the slowness and high cost 
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DUREZ 


Multipurpose mold design 


Phenolic for appliances 


of providing blocks to match a wide range 
of customer requirements, Rohden engi- 
neers sat down with their customers and 
their phenolics molder, Suburban Plastics 
Company. 

Working together, they came up with 
a mold design that saves months of pro- 
duction time—and as much as three cents 
per unit on cost. 


Solid mold cavities with embedded 
cores, formerly used in molding the blocks, 
were replaced with open outline cavities, 
in which core pins are set into a plate. 
Core pins are easily changeable—can be 
located to suit varying circuit needs at 
extremely low cost. 

As an added dividend, circuits can now 
be engraved during molding—eliminating 
a hot-stamping or marking operation often 
necessary with the solid cavities. 

Durez phenolics are used in producing 
these better, lower-cost terminal blocks. 
Durez is specified for insulation qualities, 
strength, heat resistance, and appearance. 


p----------- 


Durez and the coffee- 
break 

Appliance makers can tell you that wher- 
ever coffee perks, bubbles, or pours into a 
cup, there’s likely to be a Durez phenolic 
close by. 

Electrical components, handles, knobs 
—these are just a few essentials of a coffee- 
break, in which Durez molding com- 
pounds play an unassuming part. 

A prime requisite for this sort of assign- 
ment is the ability of phenolic to resist 
coffee stains and chemical deterioration. 
The appliance designer also looks for: 

@ excellent surface finish 

® good dimensional stability 

@ coolness to the touch 

® crack resistance when molded around 

large inserts 

If you’re looking for properties like 
these, you can find them all in Durez 79] 
Black. They’re exemplified in the compo- 
nent shown here, an electrode assembly 
for a king-sized coffee maker and dis- 
penser. 

For more facts on versatile 791 Black, 
check the coupon. 


For more information on the Durez materials mentioned above, check here: 
() High-impact Durez 16771 Natural—data sheet 
C) Phenolic molding compounds—descriptive bulletin 
() General-purpose Durez 791 Black—data sheet 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


ee 


PLASTICS 


DIVISION 


HOOKER CHEMICAL CORPORATION 
1310 Walck Road, North Tonawanda, N. Y. 
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Torrington technology, 

tools and testing facilities 

have already solved upward 

of half a million different details 
in the design problems 


of air impellers for industry. 


TOOLED UP AND READY TO RUN 


This means that Torrington 

is literally tooled up and ready to run 

on practically any air impeller 

requirement you may have. 

It means also that Torrington — where 

engineers work only on air moving problems 

has a tremendous head start in meeting your most 
difficult and cost-critical specifications for 
advanced product development 


... Talk to Torrington! 


THE TORRINGTON MANUFACTURING COMPANY 


TORRINGTON, CONNECTICUT +» VAN NUYS. CALIFORNIA + OAKVILLE, ONTARIO 
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COSMO Nylon Bobbins 


iding. met 





hods produce nylon bobbins and washers to 


exact spe ations o7 order from a wide variety 


shipment 


you can 
hapes. and sizes carried in stock for immediate 
{mo the many features found in 


mais 
Bobl a 


Cosmo “zytel’ Nylon 
* Strength in thin sections * Dimensional 
stability + Secure flanges (one solid molding) * Resistance 
to impact * Resistance to action of many common chemicals 
¢ Rated for use up to 250°F + Good dielectric strength 

» henefits 


savings increased production speed 


yvlon Bobbins 


s with Cosmo N 


r Inquiry 





3239 WEST 14 STREET TOwer 11-5597 CLEVELAND 9, OHIO 
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Commercial - Low-cost 





THERMAL TIME DELAY RELAYS 


"K> “G’ and “W” Series , 


For industrial use — economical — stocked 
Time delays — ’K” and “’“G”, 3 to 60 sec- 
onds. “"W”, 15 to 90 seconds 
Input voltages — 6.3, 26.5, 117, AC or DC 
“K" and “G” miniature size, glass enve- 
lopes 
e “W”, dust-tight metal envelope 
The “K”, “G” and “‘W” relays are part of the 
new Curtiss-Wright Thermal Time Delay Relay 
line which includes: 





H-Series 
— vibration resistant, for missiles, aircraft 
S-Snapper 


— double-throw, snap-action contacts 
IR and STR 


— instant reset, voltage compensated 
MR and CR 


— double-throw, fast reset, no chatter 


For our new catalog, write or phone Electronics 
Division, Components Dept., Carlstadt, New 
Jersey, GEneva 8-4000. 


ELECTRONICS DIVISION 


CURTISS-WRIGHTS 


CORPORATION + CARLSTADT.N. J. TTTITITITITITI TTT) 
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formed to contour, 
cut to length corresponding to stack 
height, and inserted into winding cavity 
adjacent to salient poles. 

Automatic 
provided; also handling from and to 
loading chute is offered. 

Full range of stack height as illus- 
trated can be accommodated by simple 
adjustment. Production rate approx 
450 stators per hr. The Globe Tool & 
Engineering Co., 5027 Kitridge Rd., 
Dayton 24, Ohio. >614 


from supply rolls, 


orientation and index is 


COMPUTER SYSTEMS 
CONTROL STATIONS 


Two control stations of the Metagraphic 
type have been developed for use with 
process computer systems. 

One station receives a 3-15 psi pneu- 
matic signal from computer that is 
value at which measured variable 


should be 

mum yield. 
tinuously 
computer 
cated. 


maintained to obtain opti- 
Controlled variable is con- 
recorded and indicated, and 
signal is continuously indi- 
Station has a 4-position switch 
which provides for manual, automatic, 
or computer control of process. 

Other station receives from computer 
a 3-15 psi pneumatic 
pressure 


signal of valve 
which should be maintained 
to provide optimum yield. Continuously 
records and indicates controlled vari- 
able, a related variable, and valve top- 
pressure. Has a transfer 
switch which provides for manual or 
computer control of process. The Bristol 
Co., Waterbury 20, Conn. >615 


2-position 


DELTA MEASURING UNIT 


Model 902-1 delta unit measures any 
physical quantity — pressure, tempera- 
ture, vibration — that can be converted 
into a change in capacitance. Device 
converts minute capacitance 
phase-sensitive differ- 
voltage. 
initial 


most 
change into a 
ential d-c 

Accepts 


capacitances from 
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WITH Constantin 


GLASS-TO-METAL SEALS 


Constantin’s pre-testing assures quality glass-to- 
metal seals that stand up under climatic 
extremes ... and any one of the thousands 

of different Constantin seals will improve 

your present project, no matter what your 
particular requirement may be. 


Constantin has long been noted in the electrical 
and electronic industries for its rigid inspection 
of all parts, from start to finish. They have 
pioneered in unique and difficult designs in 
such diversified items as multi-headers, 

all-in-one assemblies, transistor mounts, single 
terminals, end seals, crystal mounts, and 

other superior fabrications. 


Constantin’s experienced staff of design 
engineers are ready to help you with any 
glass-to-metal sealing problem. Write today 
for complete information. 





 @ L ee he nihantin & bo. pot iret ga 


Route 46, Lodi, N. J. 187 Sargent Ave., Clifton, N.J. 5th & Capitol Sts., Saddle Brook, N. J. 
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"No matter what type of 
explosion-proof fitting we 
need, Crouse-Hinds has it!’’ 


ail 


— Proportioneers, Inc. (Div. of B.I.F. Industries, Inc.) 











GASOLINE BLENDER CON- 
TROL PANEL built by Proportion- 
eers, inc. for Shell Products. 


REAR VIEW Pane! contains 58 


different types and sizes of ex- 
plosion-proof 
of 715 in all. 


Condulets—a_ total 





No matter how complicated your electrical con- 
duit layout, you'll find everything you require in 
the Condulet Catalog. There are more than 
15,000 different: types of Condulets, plugs, re- 
ceptacles, switches, controls, circuit breakers 
and lighting fixtures —for both hazardous and 
ordinary locations. 








NATIONWIDE \ 
DISTRIBUTION 
exclusively through 
ELECTRICAL 
\ pistrisutors / 







For complete freedom in layout design, get 
acquainted with Condulets. Product Engineering 
Advisory Service available on request. 


CROUSE-HINDS company 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


*Registered 








Ofiews: Baton Rouge Birming Bosten B yo ¢ Konsos City Los Angele 
OAwcukee New Orleans x F pt P gh FP 2 RESIDENT REPRESENTA | 
Tver Albeny Atlanta 3 * Cha < ‘ © Peoding. F ? v . c 4 da-itd . Toronto, Ont 
| 
seis) Se a i ee cae eee Ba? ib. pied - BNC oe a | 





222 Circle 231 on page 17 


1 to 50 put and provides max signals 
of +30 volts d-c. Sensitivity in the 
5-20 puf range is approx 0.2 volts per 
cent C. The Decker Corp.. Bala Cyn- 
wyd, Pa. >616 


HIGH VOLTAGE TEST SETS 


Completely redesigned line of high 
voltage a-c test sets for ASTM methods 
of testing dielectric materials come in 
standard ratings from 20 to 350 kv. 
2 to 1000 kva. 


Can be used by industrial plants, 





utility central stations, and laborato- 
ries. Each set is a complete equipment 
from plug-in point on user’s power 
supply. Each has 3 basic elements: 
controls and meters, an auto-trans- 
former or regulator to vary input volt- 
age, and hv testing transformer. 
Smaller ratings have all 3 in one 
cabinet that can be mounted on casters 
for moving to various test stations. 
Those in the middle range, between 50 
and 150 kv. 5 to 25 kva, have control 
and regulating sections in one cabinet 
and hv transformer separate. For mo- 
bile use, both parts can be mounted on 
a dolly. Ratings above 150 kv, 25 kva 
for stationary application only. Gen- 
eral Electric Co., Specialty Transform- 
er Section, Schenectady, N. Y. >617 


VOLTAGE CALIBRATOR 

Type 100 voltage calibrator is designed 
primarily for accurate calibration of 
oscilloscopes, a-c or d-c voltmeters, and 
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This motor can drive anything...almost 


This squirrel cage, open frame, integral horse- 
power Century Electric motor works fine on dozens of 
applications. You’ll find it giving dependable low-cost 
service on blowers, fans, pumps, lathes, drilling ma- 
chines and grinders. But... 


It can’t do everything. There are many appli- 
cations where it won’t give good results. That’s why 
you can’t use just any motor on your equipment. You 
need the right motor. The motor that gives you the 
right combination of torque, horsepower, acceleration 
and efficiency for you to get top performance from 
your equipment. 


Century Electric can help you get that right 
motor. Here’s why: Century Electric sales engineers 
are motor experts. They know motors and drive prob- 
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lems inside and out because they think, sell and apply 
motors and nothing but motors. They can sit down 
with you and give you on-the-spot answers. 


Over 10,000 types of motors are available from 
Century Electric. There is one for every type of appli- 
cation and for any kind of operating condition— 
dusty, corrosive, explosive or moist. Century Electric 
sales engineers will help you select the right one. They 
don’t have to rely on only a few types, like this stand- 
ard squirrel cage motor, to do everything. 


For more than a motor—for help in selecting the 
right motor for your application, just contact your 
nearest Century Electric Sales Office or Authorized 
Distributor. A Century Electric sales engineer will be 
glad to help you. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


€ 58-27 





now about measurement types of test equipment. 
cate | i 


Main feature is the 34 per cent ac- 

. i= 2 . ( curacy of the directly metered d-c or 
universal joint design problem symmetrical 1 ke square-wave output. 
ae Fs This direct metering of output voltage 

— : gives accurate results under conditions 

of severe external loading. Output 

range is continuously variable from 

0.02 volts to 100 volts. Exact Electron- 

ics, Inc., P. O. Box 552, Portland 7, 


Ore. 618 


CABLE TESTER 


PINSPOTTERS Complex branching circuits are simul- 
taneously tested for continuity and in- 
sulation resistance and measured for 
leakage resistance between each cir- 
cuit and all others by this cable tester, 


MACHINE TOOLS 
> 


Fy 


a i a 


j 


ICE MACHINES 


Model 165A. Checking at rate of 5 
wires per sec, tester stops when faulty 
circuit is found. 

Tests any combination of following 
conditions: high-pot—off, 28, 100, 500, 
1,000 and 1,500 volts d-c; leakage ac- 
cept limit—l, 5, 10, 100, and 500 
megohms; continuity accept limit—0.1, 


Your universal joint design problem may 
be very similar to one of the many un- 
usual problems for which Apex has al- 
ready devised a practical solution. Or, it 
may be entirely different. Either way, 
you're looking for a universal joint that 
offers high overload capacity, superior fa- " oe 
tigue resistance, lower deflection rate, and 0.5. 1, and 10 ohms; continuity test 
a favorable strength-weight ratio per size. current—off, 0.1, 0.5, 1, and 2 amp 
Perhaps you're searching for a universal d-c (limited to 1 amp max with the 1, 
joint that will operate efficiently in wet or 5, or 10-ohm limits). 
dry atmospheres, under corrosive or For high potting, a continuously 
abrasive conditions, or in extremes of variable control gives dwell times from 
temperatures. 0.2 to 100 sec. California Technical 
Whatever you require to solve your de- Industries, Div. of Textron Inc., 1433 
sign problem involving universal joints Old County Rd., Belmont, Calif. 619 
and assemblies, you'll find it at Apex, 
where the more difficult problems get spe- 
cial attention. Catalog 7, including ast BEAM SWITCHING 
Universal Joint Data Sheets, should prove TUBE TESTER 
helpful. Write, on your company letter- 


Instrument tests both statically and 
head please, for your copy. 


dynamically each of tube’s 10 constant 
current output positions, stability of 
electron beam when formed in given 
position, and characteristics of switch- 
ing elements of tube. 

Features plug-in adapters which 
permit testing of all 7 types of beam 
switching tubes. D-C volt- and millia- 
meters built in to allow direct measure- 
ment of various parameters. In addi- 
tion, 10 neon lights indicate position of 
beam as tube is operated. Burroughs 
Corp., Electronic Tube Div., P.O. Box 
1226, No. Plainfield, N.J. > 620 


LEVELERS 


1933 A Quarter Century of Service to Industry 
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... made more useful 
by MACALLEN 


Unfailing stability at high operating temperatures is often the key require- 
ment of MACALLEN Mica... in products ranging from toasters to 
diesel-electric locomotives. With MACALLEN Mica this vital insulating 
property can be applied in the widest range of shapes and sizes .. . 
with the greatest efficiency and economy. Solve your insulation problem 
with MACALLEN Mica . . . choice of the electrical industry since 
1892. Send for free Catalog 25 today. 


MAGAIARENRIVIIGA 


e ALL FORMS e ALL QUANTITIES 
e ALL DEPENDABLE 


THE MACALLEN COMPANY, INC. 


Bay Road, Newmarket, New Hampshire CHICAGO: 565 W. Washington Bivd. 
CLEVELAND: 1231 Superior Ave. 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 








Literature 
for the 


All-new listings of manufacturer’s literature just off the press 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


RELAYS AND SWITCHES—One hun- 
dred-page catalog, “Relays and Switch- 
es for Industrial Control,” is a quick 
and easy reference to full line of tele- 
phone-type relays and rotary stepping 
switches for control applications. More 
than 200 photos, drawings, mounting 
diagrams, circuits and charts are in- 
cluded. General information contained 
on relays and switches as a source of 
reference data. Automatic Electric 
Sales Corp. +621 


FLEXIBLE ELECTRICAL INSULATION— 
Fifty-two page illustrated Catalog No. 
24 covers line of flexible electrical in- 
sulating materials: varnished fabrics 
and papers; flexible tubing and sleev- 
ing; extruded tubing and tape; and 
special products. Typical uses given 
for each material, together with its 
physical and electrical properties and 


ordering information on size, color, 
finish. Natvar Corp. 622 


MERCURY SWITCHES—Twelve most 
popular styles of mercury switches 
available from company are described 
in detail in 4-page brochure. Included 
with brochure is a mercury switch 
specification form—a one-page ques- 
tionnaire that simplifies description and 
design of mercury switches for specific 
applications. American Designed Com- 
ponents, Inc. 623 
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ELECTRONIC PRODUCTS—Catalog No. 
158 for 1959 lists hundreds of new 
developments for the electronic indus- 
try. New aids in electronic chemicals, 
hardware, switches and service tools 
are featured among 80 pages of prod- 
ucts. Catalog sectionalized for easy 
reference to specific categories such as 
cements and chemicals, alignment 
tools, test leads, switches, plugs-jacks- 
fuse holders and connectors and hard- 
ware. General Cement Mfg. Co., Divi- 
sion of Textron Inc. > 624 


HINTS ON FASTENER APPLICATION — 
Sixteen-page illustrated pocket-size 
booklet, “Helpful Hints,” contains 
technical facts to help users obtain 
maximum economy and _ performance 
in application of standard fasteners. 
A section is devoted to selection of tap- 
ping screws; charts show safe load 
curves and torque curves for various 
diameters and grades of bolts. Russell, 
Burdsall & Ward Bolt and Nut Com- 
pany. > 625 


TRANSISTOR COOLING AND RETEN- 
TION DEVICES—Fight-page Catalog 1- 
TC on retention and cooling devices 
for transistors and diodes gives test 
results on diode radiator cooling units 
which reduce temperatures as much as 
30 C. Specifications on these compon- 
ents, several transistor clips and heat 


radiators are given. The Birtcher Corp- 


oration. > 626 


METALS CHARTS 


are available as a service to industry. 


Two metals charts 


One shows melting points of metals. 
Fahrenheit. and 
scales, ranging from tungsten, which 
melts at 3400 C (6152 F), to mercury, 
which melts at —38.8 C (-—38 F). 
Other chart densities of 
metals, grouped into heavy, medium 
and light classifications, ranging from 
heaviest metal, osmium, to lightest 
metal, lithium. Fansteel Metallurgical 
Corp. > 627 


both in Centigrade 


shows 


SWITCHES AND COMPONENTS 
ty-four page Catalog No. G-300 covers 
line of miniature push-button switches, 
rotary binding 
clips and miscellaneous components. 
Includes engineering. drawings of all 
items, giving all standard dimensions. 
Detailed specifications given, covering 
electrical ratings. life load tests, ma- 
terials used, applications and construc- 
tion. Grayhill, Inc. > 628 


Twen- 


switches, posts, test 


TESTING MISSILE COMPONENTS— 
Illustrated booklet 57SD129 
covers subject of testing missile com- 
ponents in the laboratory by 
specially-designed equipment and dif- 
ferent testing techniques. Deals with 
structural static and dynamic testing, 
experimental stress analysis, hydraulic 
and pneumatic testing, and other test 
areas. General Electric Co., Missile 
and Ordnance Systems Dept. >629 


15-page 


using 


PRINTED CIRCUIT SOLDERING—De- 
tailed instructions on “Printed Circuit 
Soldering” include a general discussion 
of printed circuitry, an explanation of 
proper solder composition, flux require- 
ments, solder pot considerations, and a 
step-by-step clarification of techniques 
of dip soldering. Anchor Metal Co., 
Inc. > 630 


PROPERTIES AND ADVANTAGES OF 
BORON NITRIDE—Technical bulletin 
“Boron Nitride” sets forth the proper- 
ties, advantages and uses of this ceram- 
ic material with electrical and corro- 
sion-resistant properties for use up to 
3000 F. Contains typical analyses of 
boron nitride, tabulations of its oxida- 
tion in air, thermal conductivity, dielec- 
tric constant, modulus of elasticity, 
thermal expansion coefficients and dis- 
sipation factor. The Carborundum Com- 
pany. > 631 


DYNAMIC DIODE TESTER—Bulletin 
1001 describes the Model 1001 dynamic 
diode tester, for rapid and accurate 
testing of semiconductor diodes. Covers 
operating principles, explains type of 
characteristics which can be analyzed, 
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Do You Have Critical 
Filter Problems ? 


Sangamo Electric Company has been designing and building specialty 
filters since 1927. These filters have been used in a wide variety of metering, 
telephone and military equipment produced by Sangamo, and by a limited 
group of electrical and electronic manufacturers. Sangamo's thirty years of 
filter design and manufacturing experience is now available to the industry. 


Here’s a Typical Example: The filter 
illustrated was required for use in a 
circuit which was designed to amplify 
extremely small signals in the range of 


25 KC to 26 KC. 


BASIC OPERATIONAL 
AND DESIGN SPECIFICATIONS: 


Meet applicable requirements for mili- 
tary apparatus. 


Operate in a plate circuit of an ampli- 
filer presenting an effective generator 
impedance of 47,000 ohms and to 
drive the grid circuit of the following 
amplifier stage. 


Operate at signal level as low as 10 
microvolts. 


Must be well shielded against external 
fields. 


Passband ripple not to exceed 1 db. 
from 25 KC to 26 KC. 


Minimum rejection shall be 35 db. at 
28 KC and 40 db. at 23 KC. 


The phase shift, from one production 
filter to another, shall not vary more 
than 5° at any point in the 25 KC to 
26 KC bandpass. 


The phase shift and attenuation 
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Ci, Cs, C;—Temperature Compensators 















characteristics must be reproducible 
over a long period of years to insure 
properly functioning spare parts. 


Temperature range 0° to 85°C. 


SANGAMO SOLUTION TO PROBLEM 


The above requirements were met by 
using three parallel tuned circuits proper- 
ly coupled by capacitors. Selection of the 
L-C ratios, coupling, and circuit Qs were 
made in order to fulfill the overall re- 
sponse requirements and at the same time 
present the proper load to the driving am- 
plifier stage. Stability requirements were 
obtained by using Sangamo silvered mica 
capacitors. Negative temperature coef- 
ficient capacitors were inserted in parallel 
with the tuned circuits to correct for the 
positive temperature coefficient of the in- 
ductors. A phase shift variation of 2.5° 
maximum from 25 KC to 26 KC has 
been consistently maintained during eight 
years of production on these units. The 
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Cz, Cs, Cs, Ca, Cs—Sangamo Silvered Mica Capacitors 


Gi) SANGAMO ELECTRIC COMPANY 
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SPRINGFIELD, ILLINOIS 
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SANGAMO 
MAY HAVE THE 
ANSWER TO YOUR 
PROBLEM 


universal wound coils are enclosed in 
powdered iron cups with moveable slugs 
for precise adjustment of the response 
shift. These 
manufactured by Sangamo have uniform 
distributed capacity and Q. The cup-en- 
closed inductance coils are in turn housed 


and the phase inductors 


in a die-cast aluminum enclosure. This 
housing lends physical rigidity to the 
coupled structure and assists in minimiz- 
ing magnetic interaction between the en- 
closed inductors. The entire filter assembly 
is enclosed in a hermetically sealed drawn 
steel case. The terminals are of the ex- 
tremely rugged compression glass type. 
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Relative response curve of this 
Sangamo bandpass filter. 








Write us today for an 
engineering analysis of your 
specialized filter applications. 
Sangamo’s engineers are ready 
to help you. 
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WBD Precision 

Alloys are Meeting 

the Challenge of 
Industry's Most Unusual 
Applications 


In addition to the complete line of.precision resistance, chemical and 
mechanical alloys, Wilbur B. Driver,produces alloys for special pur- 
poses. These custom alloys, vacuum melted and processed into wire 
or strip, solve critical production problams. This new service provides 
industry with complete engineering and production facilities and fea- 
tures one of the nation’s largest vacuum-melting installations. Ask our 
Sales Engineering Department 

for complete information. 


2 
Ca) A — | 


Precision alloys for all 
applications including — 


Nickel Chrome Filament and Grid 
Heat Resisting Beryllium Copper 
Low Temperature Coefficient Stainless Steel 
High Temperature Coefficient Pure Nickel 

Glass Sealing Monel: 


— available in wire, rod, ribbon and strip *T.M. International 
Ce : . Nickel Co. 
— with insulations of enamel, Formvar, liquid Nylon, 


cotton, silk, Nylon and fibre glass 


WILBUR B. DRIVER CoO. > 


Main Office: NEWARK, N. J. * Tel. HUmboldt 2-5550 
For Over 40 Years Melters and Manufacturers 


of Precision Alloys for All Industries 


Mfg. Plants: 1875 McCARTER HWY., NEWARK 4, N. J. » 2734 INDUSTRIAL WAY, SANTA MARIA, CAL. 


In Canada: CANADIAN WILBUR B. DRIVER CO., LTD., 85 KING STREET EAST, TORONTO 1, CANADA 
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gives suggested uses, and includes com- 
plete electrical and mechanical speci- 
fications. Technitrol Engineering Com- 


pany. > 632 


SNAP-ACTING PRECISION SWITCHES 

Four-page Bulletin 358 covers line of 
miniature snap-acting precision switch- 
es; includes photographs, descriptions, 
actuator types, force-and-movement 
specifications and electrical ratings. 
Types shown are general-purpose, high- 
sensitivity, immersion-proof, —metal- 
cased, reset, a-c/d-c, automatic-appli- 
ance, and AN-JAN switches. Unimax 
Switch Div., W. L. Maxson Corp. 633 


A-C AND D-C CRANE CONTROL—Two 
bulletins (No. 6400 on a-c and No. 
6100 on d-c crane control) describe 
master switches, disconnects, limit 
switches, frequency relays, brakes and 
other components of the various crane 
control systems. Electric Controller and 
Mfg. Co., Div. of Square D Co. 634 


CONTACT SELECTION AND USE-——A 
54-page manual of contact selection 
contains data on composition contacts 
produced from powders. Discusses pos- 
sibilities of different material combina- 
tions as applied to modern contact 
requirements. Factors influencing con- 
tact selection such as circuit conditions 
and equipment design considerations 
are fully outlined. Stackpole Carbon 


Co. “635 


CONSTANT VOLTAGE TRANSFORM- 
ERS—Four-page Circular CV-170G con- 
tains condensed buying information on 
company’s entire line of constant volt- 
age transformers. Under headings cov- 
ering the 6 major types, units are listed 
by ratings with electrical and mechani- 
cal specifications given for each. Also 
includes information on adapter kits 
for cord-receptacle connection. Sola 


Electric Co. > 636 


COLD FINISHED BARS—Revised Bulle- 
tin 12-5 serves as simplified guide to 
selection and specification of cold-fin- 
ished carbon steel bars. Includes in- 
formation on mechanical properties, 
formability, weldability, heat treatment 
response, machinability, relative cost, 
shapes and size range. Lists 23 different 
types. J. T. Ryerson & Son, Inc. 637 


EXPANDED SCALE D-C VOLTMETER— 
Preliminary data sheet provides com- 
plete information and _ specifications 
on Model 1145 expanded scale d-c 
voltmeter. Listed are standard ranges 
in which these meters can be supplied. 
electrical and installation informatien 
International Instruments, Inc. 638 


SPIRAL WIRING TUBE—Bulletin T-2 


describes wiring tube—a_spirally-cut. 
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0[)-smali Sizes! 
EATON 


Dyna-TorRQ) 


MAGNETIC-FRICTION 
CLUTCHES and BRAKES 


Now Available in a Full Line 
from 1%” to 15” Diameter 












Eaton Dyna-torQ Magnetic- Friction Clutches 
and Brakes provide a simple, accurate, responsive 
method of controlling power and motion in 
today’s complex production and processing ma- 
chines. 














The new smaller sizes and new design types of 
Dyna-torQ Stationary-Field Clutches and Brakes 
enable Eaton to offer a well rounded line, includ- 
ing flange-mounted and bearing-mounted clutches, 
and replaceable-face brakes. Unique features of 








STATIONARY-FIELD, 
BEARING-MOUNTED 







DYNA-TORQ CLUTCH design and construction result in worthwhile 

maintenance cost savings. Dyna-torQ units, easily 

Dyna-torQ Magnetic-Friction and quickly installed on new machines or existing 

Equipment Offers these plant equipment, deliver many highly desirable 
advantages. 





Important Advantages: 

















* Accurate power control 
* Dependable motion control Send for this new illustrated 
P bulletin giving complete descrip- 
* Rapid response tion and specifications covering 
Dyna-torQ Stationary-Field 
*& Easy “built-in” installation Clutches and Replaceable-Face 
Brakes. 
* Low maintenance costs 
* Compact plug-in type controls—may be (é 
remotely mounted 
* Inter-changeability of parts 





Dyna-torQ Equipment is Available through Dynamatic Distributors in all Leading Cities 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE * KENOSHA, WISCONSIN 
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ALCOA ALUMINUM 
FASTENERS ARE 
AVAILABLE LOCALLY! 


Yes, you have only to pick up your 
phone to “call in” the Alcoa® Alu- 
minum Fasteners you need. Your loca’ 
Alcoa distributor has them in all stand 
ard sizes and types for immediate de 
livery. “Specials” are available, too! 
Get the lasting sales appeal that 
Alcoa Aluminum Fasteners give your 
aluminum products with their perfect 
color match, resistance to both gal- 
vanic and atmospheric corrosion. See 
the Yellow Pages of your telephone 
directory for your nearest Alcoa 
distributor. 


Saree on A? _sy 
ALCOA © __ ALCOA THEATRE 
ALUMINUM 

Fasteweces } 


Your Guide to the Best in Aluminum Value 
FREE...FACTS, SAMPLES...FREE... FACTS 











Exciting Adventure 
Alternate Monday 
Evenings 


Aluminum Company of America 

2241-K Alcoa Bidg., Pittsburgh 19, Pa. 
Gentlemen: Please send complete specification data 
and somples of Alcoa Aluminum Fasteners. 

Nome 


Title. 


Compoany——___— 


Address__— 


pocccfctnn ey 
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non-combustible — polyethylene cable 
lacing. Illustrates tube and 
shows how it is applied by means of 
“Cable-Former,” a wiring tool. Bulletin 
lists electrical and physical specifica- 
tions and ordering information. Pan- 
duit Corp. > 639 


wiring 


FLUOROCARBON TAPES—Six-page bul- 
letin No. 2 describes line of Fluorolin 
tapes made in wide range of colors, 
thicknesses, widths and lengths. Com- 
pany offers tapes of all types. including 
skived, extruded unsintered, extruded 


sintered, and cast films. Bulletin gives | 


applications and complete 


property | 


data. Joclin Manufacturing Co. 640 | 


SMALL ENCLOSED LIMIT SWITCHES— 


Line of 12 small enclosed limit switches 
is covered in 4-page Bulletin 21. Six 
actuator designs are available for 
either side or bottom mounting. Ex- 
ploded photos show mounting dimen- 
sions. Operating characteristics and 
electrical data included. Micro 
Switch. > 641 


are 


RESISTANCE DECADE BOXES—Figh:r- 
page Catalog 20D includes pictograms 
of 9 types of decade boxes, technical 
data, a decade box selection chart and 
a listing of performance characteris- 
tics. Three accuracy ranges are avail- 
able in various types offered. Units 
in 2 different dial calibration 
arrangements. Cinema _ Engineering, 
Div. of Aerovox Corp. 642 


come 


HIGH FREQUENCY EQUIPMENT 

Twelve-page Bulletin No. 2250 on 
“High Frequency Equipment” gives 
application and informa- 
tion on 2 types of high-frequency power 
supplies: induction frequency conver- 
ters for use where 80 to 400 cps is 
needed, and motor-alternators for oper- 


engineering 


ations requiring 400 to 3000 cps. Basic | 


differences in these two are 
discussed and their capabilities for 
constant and adjustable speed are out- 
lined. The Louis Allis Co. > 643 


sources 


IMPERVIOUS INSULATION SYSTEM. 
The “Silco-Flex” impervious insulation 
system for motor and generator stator 


coils is described in Bulletin 05B8341A. | 
properties of “Silco-Flex” | 


Important 





described include resistance to aging, | 


abrasion, chemicals, corona, fire, mois- 
ture, oil, solvents, fungus, 
black and arcing. Allis-Chalmers Man- 
ufacturing Co. >644 


REPEAT CYCLE DIAL TIMER—Four- 
page Bulletin N-80 describes Atcotrol 
miniature “Duo-Set” repeat cycle dial 
timer which controls 2 independently 
adjusted load circuits for on-off cycling. 
Gives information on “Duo-Set” prin- 


| ciple, operation, special features and 


carbon | 


| 


STROMBERG-CARLSON 


“BB Series 


For your automation 
... computing... control 
circuit applications... 
“Telephone Quality” 
at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, this relay provides tele- 
phone quality at an ordinary 
price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
tages as twin contacts, knife-edge 
pivot and special frame-armature 
construction. Like all Stromberg- 
Carlson relays, it is built to op- 
erate under extreme ranges of 
temperature and humidity. 
Prompt delivery is available on 
all orders. 


This catalogue will 
give you complete 
technical details and 
specifications. We will 
gladly send you a free 
copy on request. 
Please ask for Cata- 
logue T-5000R. 


STROMBERG - CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


TELECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N. Y. 
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How You Can Cut Product Costs 
With Indox V Ceramic Magnets 


Experience in the design and production of Indox V, for such 
products as the loudspeaker below, points the way to sub- 
stantial savings in manufacturing costs for other products 


using permanent magnets. 


WHAT IS INDOX V 
Indox V is a highly oriented bari- 
um ferrite material. Its energy is 
comparable, on an equivalent weight 
basis, to that of Alnico V—the most 


powerful permanent magnet mate- 
rial available. Indox V magnets 
possess unique advantages ~— light 
weight, high-electrical resistivity, 


NEW INDOX V LOUDSPEAKER DESIGN... 
e Cuts magnet cost 20% © Saves 25% on weight « Reduces length 46% 


High fidelity, permanent magnet loudspeakers normally 
use an Alnico slug (A) or ring (B) magnet. Assembly (C) il- 
lustrates how one loudspeaker was redesigned to use Indox V, 
with the results indicated. Assemblies shown in proportion. 
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7 ALNICO RING MAGNET 
WEIGHT 


























WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 





THE INDIANA STEEL PRODUCTS COMPANY 
VALPARAISO, INDIANA 





OCTOBER 1958 


INDIANA 
PERMANENT 
MAGNETS 


IN CANADA: The Indiana Steel Products Company of Conada Limited, Kitchener, Ontario 
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great resistance to demagnetization, 
and inexpensive, non-critical raw 
materials — plus an energy product 
over three times that of non-oriented 
ceramic magnets. 


APPLICATIONS 
Indox V’s excellent magnetic qual- 
ities and special properties suggest 
wide usage in many applications. 


Among them: 

D.C. Motors of Medium Size with 
Indox V fields have a high efficiency 
and show high starting and stall 
torques characteristic of series wound 
motors. 


Holding Devices can take advantage 
of Indox V’s total potential energy 
which, per pound of magnet weight, 
is appreciably higher than that of 
Alnico V. 

Torque Drives using Indox V discs 
can be magnetized with multiple- 
pole faces. 

The list of other promising applica- 
tions is growing. 


WHO MAKES INDOX V 

Only Indiana Steel Products 
makes this oriented ceramic magnet, 
with an energy product of 3.5 mil- 
lion B.H.. And, because Indiana 
also produces Alnico and all other 
permanent magnet materials, it is 
uniquely qualified to recommend the 
one best material for your design. 
You are invited to consult with 
Indiana’s design engineers for expert 
help on any application involving 
permanent magnets. 


SEND FOR FREE 
LITERATURE 

Write for your 
copy of the bulletin 
“Indox V Ceramic 
Permanent Mag- 
nets,”’ describing 
magnetic properties, 
design considera- 
tions, and sizes and shapes available 
from stock for experimental work. 
Ask for Bulletin No. 18-B10. 
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Jee Powe HEAVY DUTY RELAYS 


GREATEST Control 


Versatility Ever Offered 


600 VOLTS AC © 10 and 15 AMPS @¢ 2, 3, 4, 6 or 8 POLES 








itaiae 
PLUG-IN 
RECEPTACLE 


BASIC 


ws RELAY 


OPTIONAL 
LATCHING 
ATTACHMENT 


WEIGHT 
: 4 Ibs. approx. 
TYPES “IMP” AND “FMP” 





high-output machines. 


e RUGGED and RELIABLE... . with exceptional electrical and me- 


chanical life. Simple construction for easy maintenance 


e OPTIONAL PLUG-IN RECEPTACLE . . 


of relay without disturbing wiring. Minimizes down-time on 


. allows fast replacement 


FAST, EASY COIL REMOVAL .. . just remove 2 screws, swing 


coil to front and lift out entire assembly. 


SIMPLE CONTACT CONVERSION . . . from normally-open to 


normally-closed. No tools needed. 


MOST VERSATILE LATCHING ATTACHMENT... 


exclusive 


with A-H. Only attachment that converts in the field from 
“latch-in” to “latch-out” or “latch in-and-out.” 


AVAILABLE . . . with AC or DC holding coils. 
For free copy of the 8-page Heavy Duty Relay Catalog 
Section, write to The Arrow-Hart & Hegeman Electric Co., 


Dept. EM, 103 Hawthorn Street, Hartford 6, Connecticut. 


ARROW = HART OF HARTFORD 
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machine and process control applica- 
tions. Includes mounting dimensions, 
schematic and wiring diagram, a table 
of standard dials and electrical ratings. 
Automatic Timing & Controls, Incor- 
porated. > 645 


HARD COAT ALUMINUM ANODIZ- 
ING—Bulletin describes an improved 
process for hard coat anodizing of 
aluminum colled the “Poracc” process. 
Makes possible a more uniform alumi- 
num oxide coating and greater thick- 
ness of deposit. Gives improved wear 
and abrasion protection 
from corrosion and greater dielectric 
strength. Accurate Anodizing Corpor- 


ation. > 646 


resistance, 


SPEED MEASURING INSTRUMENTS— 
Twenty-page illustrated Bulletin 35 
covers a wide variety of hand and fixed 
types of speed measuring instruments. 
Includes descriptions, features, speci- 
fications, principles of operation, ap- 
plications and ordering information. 
James G. Biddle Co. > 647 


MALLEABLE FLANGE BLOCKS—Bulle- 
tin BU-101-A describes malleable two- 
bolt type flange blocks. Features “Un- 
breakable” malleable housing. lubrica- 
ted-for-life bearing, compactness, and 
bore range from 4% to 1%¢ in. Bul- 


232 





letin includes dimensional drawings, 
list prices and specifications. Brown- 
ing Manufacturing Co. > 648 


COOLING AND RETAINING CLAMPS 

Sixteen-page Catalog 5-KK covers 17 
types of cooling and retaining clamps 
of silver and beryllium copper alloy. 
Designed for miniature and subminia- 
ture tubes and components, including 
those with 90 deg sockets for printed 
circuitry. The Birtcher Corp. > 649 


MODULAR RESISTORS AND CAPACI- 
TORS—Two data sheets are available 
showing the performance characteris- 
tics, features and specifications of mod- 
dular components. Data sheet MR-01 
describes modular carbon composition 
resistors; data sheet MMC-01 describes 
modular Mylar capacitors. ACF Elec- 
tronics, a Division of ACF Industries, 


Inc. > 650 


LIQUID LEVEL CONTROLS—Sixteen- 
page Bulletin PF 571 contains detailed 
specifications, descriptive data, charts 
and dimensions on line of liquid level 
controls. Selector guide presented 
which will enable quick selection of 
appropriate control system for liquid 
level applications. Electronics Corp. of 
America, Photoswitch Div. >651 


BASE LAMINATES AND PRINTED CIR- 
CUITS—Four-page brochure describes 
facilities company offers engineers—a 
single source for manufacture of both 
the base laminate and finished printed 
circuit. Included are some of the more 
popular copper-clad laminates, NEMA 
values, design recommendations and 
tolerances. Also shows fabricated parts 
Northern Plastics Cornor- 


> 652 


produced. 
ation. 


HIGH IMPACT MOLDING MATERIAL 

Four-page brochure D201-10  de- 
scribes Durez 18683, a black and natur- 
al 2-stage, sisal-filled, high impact ma- 
terial in modular form. Includes gener- 
al description, physical 
molding equipment recommended, cur- 
ing time, preforming, finishing and ma- 
chining. Durez Plastics Div., Hooker 
Electrochemical Co. > 653 


properties, 


TANTALUM FOIL CAPACITORS 

Twenty-one page Bulletin 41858 de- 
scribes tantalum foil capacitors with a 
temperature rating of —55 to +-85 C. 
Included are a general description, 
construction, applications, military 
specifications, electrical characteristics, 
dimensional drawings and typical per- 
formance curves. International Elec- 
tronic Industries. Inc. > 654 
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THIN ELECTRICAL INSULATION 

Four-page brochure describes Armite, 
a thin grade of vulcanized fiber used 
for electrical insulation, and Spauldo, 
a thin insulation made from 100 per 
cent rag stock on a wet machine and 
glazed to a finish. Included 
are properties, advantages, character- 
istics and typical uses of both types, 
plus information on how they are furn- 
ished. Spaulding Fibre Co., Inc. 655 


smooth 


HV AIR-BREAK CONTACTOR 
tin 14B7303B high 


air-brake contactor Type 256A for con- 


Bulle- 
describes voltage 
trol of large motors, primary switching 
of induction furnace transformers and 
other high 
cludes design features, a table of rat- 
ings, dimensions and operating char- 
acteristics. Allis-Chalmers Manufactur- 
ing Co. > 656 


voltage applications. In- 


ROTARY ELECTRICAL AND 
TRONIC EQUIPMENT—Handy 
leaf type Catalog 5721 gives complete 
engineering data, performance curves, 
dimensional drawings and 
diagrams of line including motor-gen- 
erator gear motors, fans and 
blowers, power supplies and transistor- 
ized voltage regulators. Western Gear 
Corp.. Electro Products Div. 657 


ELEC- 


loose- 


schematic 


sets, 


SHAFT-MOUNTED SPEED REDUCERS— 
Ten-page engineering manual, “Shaft- 
Mounted Speed Reducers,” 
selection, horsepower ratings, dimen- 
construction, installation and 
maintenance for Moduline units. De- 
how to shaft-mounted 
reducers considering AGMA 
factors for particular aplications. Wes- 
tinghouse Electric Corp. > 658 


discusses 
sions, 
scribes select 


service 


PANEL AND RACK-MOUNTED _IN- 
STRUMENTS—Bulletin describes new 
line of panel and rack mounted instru- 
ments. Included oscillators and 
a-c voltmeters for direct panel instal- 
lation, and various combinations of 
instruments for rack installation. Wave- 
forms, Inc. > 659 


are 


SILVER METALLIZING PAINTS—Bro- 
chure S-62 describes how higher elec- 
trical conductivity in printed circuits 
is available in a metallic paint made 
with silver flakes (diam 50 times their 
thickness) that overlap to form a larger 
area of Withstanding high 
temperatures without oxidizing, paint 
is for application on ceramics, titan- 
ates, glass, mica and other inorganic 
materials. Western Gold and Platinum 


Co. ->660 


contact. 


ELECTRONIC MOTOR OPERATORS— 
Data sheet F-8519 describes line of 
electronic motor operators designed for 
proportioning control of dampers or 
valves in heating, ventilating and air 
conditioning systems. Standard units 
deliver up to 220 lb-in. torque at a 
timing of 130 sec per 180 deg stroke. 
Operates on 115 volts, 60 cycles, 32 w 
input. Barber-Colman Co. > 661 


HELICAL GEAR DRIVES—Folder 2651- 
A, a 6-page supplement to Link-Belt 
Book 2651, contains data on horsepower 
ratings, dimensions, mounting infor- 
mation and construction principles. In- 
cludes information on 2 sizes of dou- 
ble reduction and 3 sizes of triple re- 
duction helical gear drives, in addition 
to 5 sizes of quadruple reduction gear 
drives. Link-Belt Co. > 662 


MOTOR STARTING SWITCH—Catalog 
sheet describes Uni-Tog starting and 
speed control switch. Single-unit de- 
vice, which works by centrifugal force, 
is for all makes of universal, capacitor 
and split-phase motors. Available in 3 
basic sizes and 20 bore diameters, set 
at 900, 1200, 1500, 1800, 3000, or 
3600 rpm. Kirkwood Commutator Corp- 
oration. > 663 

(Continued on page 234) 





Reliable - Low-Cost -Durable 
The NEW Type “DR” Reversing 





I 


For complete information on this new Type “DR” Reversing Drum 
Switch, write to The Arrow-Hart & Hegeman Electric Company, 
Dept. EM, 103 Hawthorn Street, Hartford 6, Connecticut. 


WEIGHT 


1% Ibs. approx. 


ARROW —- HART OF HARTFORD 


Mot 
vid " 


. A r 
tor Controls © Wirl 


* Appliance Switches 


r) 
g Devices 


c P o ‘ 
nclosed Switches 
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Drum Switch 


. Easy-To-Read Name Plate. 


. Easy Conversion from Maintained to 
Momentary Contact. 


. Self-Centering Handle with Positive 
Spring Action. 


. Heavy, Silver Plated Contacts for Long 
Electrical Life. Fully Visible, Easily 
Replaceable. 


. Easy-To-Wire Terminals. 


. Simple, Rugged Construction for Long 
Mechanical Life. 

. Insulation Barriers Between Contacts Pre- 
vent Flashovers. 


CATALOG NO. DR-001: Size 00, has 3 poles 
arranged to break 2 lines to motor. Rated 1 


hp maximum at 115 volts ac, single phase 


. . or 220 volts ac, polyphase. 


CATALOG NO. DR-02: Size 0, has contacts 
arranged to break 3 lines to motor. Rated 1 
hp maximum at 115 volts ac, single phase 
to 2 hp maximum at 440-550 volts ac, 
polyphase. 





There are thirteen 


®® 1-S SPRINGS 


in this dependable 


AGASTAT’ 


time delay relay 


—because I-S Beryllium 
Copper Springs provide — 


e EXCELLENT ELECTRICAL 
CHARACTERISTICS 


e COMPLETE FREEDOM 
FROM FATIGUE 


e SUPER PRECISION ACCURACY 


AGASTAT* time delay relays are known 
world-wide for dependability ... function 
faithfully in tropic heat and polar cold. The 
thirteen I-S Beryllium Copper Springs in- 
corporated in the design help maintain the 
reputation of AGASTAT for exceptional 
dependability in continuous service. I-S 
Engineers are widely experienced in design- 
ing beryllium copper springs to obtain max- 
imum performance at minimum cost. They 
will gladly make recommendations for solv- 
ing your particular problem. 

CATALOG AVAILABLE on Beryllium 
Copper compression springs, flat springs, 
strip springs, contact strips, contact rings 
and screw machine parts. Call or write for 
your personal copy today, or consult Sweets’ 
Product Design File. 


*AGASTAT is a registered trade mark of Elastic Stop 
Nut Corp. of America, 1027 Newark Ave., Elizabeth 3, N. J. 


INSTRUMENT 
SPECIALITIES CO - INC 


254 Bergen Bivd., Little Falls, New Jersey 
Telephone: CLifford 6-3500 
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| “MICROROLD” SPECIAL PURPOSE 
STAINLESS STEELS—New 32-page book 
| gives detailed information on special 
purpose stainless steel sheet and strip 
grades. Describes physical properties 
and analyses, corrosion and heat re- 
sistance, surface finishes and fabrica- 
tion. Washington Steel Corp. > 664 


SIZE 8 SERVOMOTOR-RATE GENERA- 
TOR—Data sheet 1402 describes 26- 
volt, 400-cycle Size 8 servomotor-rate 
generator. Includes motor and genera- 
tor specifications, photograph, dimen- 
sional drawing, schematic, torque-speed 
curve and list of modifications avail- 
able. Helipot, Div. of Beckman Instru- 
ments, Inc. > 665 


STANDARD EXTERNAL COTTER PINS 
| —Data sheet 301-EC describes 15 stand- 
ard external or “hairpin” cotters. Gives 
prices and dimensions, including wire 
size, pin diameters and lengths, and 
includes several new cotters not prev- 
iously listed as standard. Cotters de- 
scribed are of SAE—1095 steel finished 
with cadmium plate. Hunter Spring 


Company. > 666 


P-N-P DRIFT TRANSISTORS—Brochure 
G-180 features complete specifications 
on 7 p-n-p drift transistors. Types 
2N602 and 2N604 are for high-speed 
switching applications. Types 2N605 
through 2N608 are for high and very 
high frequency small signal amplifiers, 
oscillators and converters. General 
Transistor Corp. > 667 


VIBRATION MOUNTINGS-——Sixteen- 
page Bulletin No. 710 contains engi- 
neering data, including tables and 
transmissibility curves, on design and 
performance of 3 types of Temproof 
mountings: standard mountings in 4 
sizes (0, 1, 2 and console) ; all-attitude 
mountings in 2 sizes (0 and 1); and 
center flange mountings. Load capaci- 
ties from 0.25 to 90 lb per mounting. 
Typical applications and uses are dis- 
cussed. Lord Manufacturing Co. 668 


PLASTIC LAMINATES—Two pieces of 
literature are available: a 4-page book- 
let outlining company’s philosophy, 
facilities and products in field of high- 
quality clad and unclad plastic lami- 
nates for electrical and electronic in- 
dustries; and a sheet illustrating some 
of their research and production areas 
and equipment. New England Lami- 
nates Co., Inc. > 669 


| RING DYNAMOMETERS—Construction, 
application and operation of ring dyna- 
mometers are discussed in a new 4 
page bulletin. Also describes in detail 
the accuracy of the ring dynamometer 
as a force-measuring instrument, lists 
both general and dimensional specifi- 
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Reliance 400-hp hermetic motor insulation of “Lecton” resists 
refrigerants and oils—can be used at temperatures to 130°C. 


Excellent resistance to refrigerants at 
moderate cost makes “‘Lecton’’* acrylic 
resin-coated glass fabrics ideal insula- 
tion on hermetic refrigeration motors 
for Reliance Electric and Engineering 
Co. Tested for over a year by Reliance, 
*‘Lecton’’ proved the most satisfactory 
insulation for their line of up-to-600-hp 
refrigerant-cooled hermetic motors. 
*‘Lecton”’ is virtually unaffected by 
fluorinated hydrocarbon refrigerants 
and lubricating oils—performs continu- 


DU PONT INDUSTRIAL 
COATED FABRICS 
CEMENTS 


SHEET STOCKS »* 


REG. U. 5. PaT.OFF 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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ously at Class B temperatures. Reliance 
uses “‘Lecton’’ for slot liners, top and 
mid-sticks, and as tape for wrapping 
pre-formed coils. 

Du Pont makes “‘Lecton’’-coated fab- 
ric products available in a variety of 
forms and thicknesses to meet a wide 
range of insulation needs such as slot 
liners, phase separators, end-turn insu- 
lation, preformed coil-insulating tapes, 
top sticks for motors and transformer 
layer insulation. All are highly resistant 


Name 


to refrigerants, lubricating and trans- 
former oils and common solvents. 
“Lecton’’ can be used at temperatures 
upto300°F. Conditions of relatively high 
humidity have little effect on its dielec- 
tric strength. 

For specific information on proper- 
ties of “‘Lecton’’ and how it may be used 
in your operations, mail the coupon or 
write: E. I. du Pont de Nemours & Co. 
(Inc.), Fabrics Division, Devartment 
EM-810, Wilmington 98, Delaware. 


*“LECTON” is Du Pont’s registered trademark for its acrylic resin-coated fabrics. 
a eS eS ES ED ee SLE ae ae aE nD 
E. I. du Pont de Nemours & Co. (Inc.), Dept. EM-810 
Fabrics Division, Wilmington 98, Delaware. 
Please send me more information on these new “‘Lecton”-coated 
fabric insulation materials with superior refrigerant and temperature 
resistance. I am interested in using “‘Lecton”’ fabric for 





Firm 





Address 





City 


Zone State 
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Economy and Quality with 


NEW 


22 Circuit Centralab ; 


MINIATURE SWITCHES 


These new switches are designed for application 
where costs must be kept to a minimum without 
compromising rigid electrical specifications. New 
laminated construction allows up to 22 separate 
switch points on a 11%" diameter. 
Voltage breakdown, 1000 volts R.M.S. 
Back to back insulated clips, 500 volts 
R.M.S. Laminated phenolic sections 
type PBE perspecifications MIL-P-3115. 


Current rating 2 amp. at 15 volts DC; 
150 milliamps at 110 volts AC (resistive 
load). 
Minimum life, 10,000 cycles. 
Supplied as single section, double sec- 
tion, or single section with line switch. 
2-12 positions per switch. 
For detailed specifications, AC line switches for single section units 
write for Bulletin EP-00 or in SPST, DPST and SPDT switching 


contact your Centralab 
representative. arrangements. 


A DIVISION OF GLOBE-UNION, INC. 
nh 962k E. KEEFE AVE. © MILWAUKEE 1, WIS. 
ERD J In Canada: 804 Mt. Pleasant Rd. * Toronto, Ontario 

P-5808 ® 


VARIABLE RESISTORS @® PACKAGED ELECTRONIC CIRCUITS @ ELECTRONIC SWITCHES 
CERAMIC CAPACITORS @ ENGINEERED CERAMICS @ SEMI-CONDUCTOR PRODUCTS 
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cations of standard capacity ring dyna- 
mometers. Morehouse Machine Com- 
pany. 670 


SILVERED MICA CAPACITORS—Six- 
page folder, entitled ‘Reliability 
Study of Silvered Mica Capacitors,” 
describes how debugging assures 
greatest dependability and longest life. 
Data includes relationships among var- 
ious case sizes and comparison between 
dipped mica and molded mica capaci- 
tors, effect of voltage and temperature 
stress on life. Electro Motive Manufac- 
turing Co., Inc. >671 


SINGLE INDUCTOR COIL—Features 
and specifications of X-L coil are pre- 
sented in specification sheet. Coils are 
designed for automated or hand _ in- 
sertion into printed circuit boards. Con- 
sist of an r-f coil with adjustable tun- 
ing and either 1 or 2 windings enclosed 
in a plastic container. Essex Electron- 
ics. > 672 


ELECTRIC MONITOR SYSTEM—Bulle- 
tin No. 4.010 describes Model 4.010 
Monitor, an electric monitoring system 
which detects conditions of voltage, 
frequency and phase in anv power 
source. Monitor acts to protect any 
load from power faults either by de- 
energizing it or switching it to another 
source. Electric Regulator Corp. 673 


D-C HIGH POTENTIAL TESTERS—Bul- 
letin 5-1.2, entitled “D-C High Poten- 
tial Tests to 30,000 V.” covers full 
specifications and specific application 
data of some 15 d-c Hypot models 
covering output ranges of 5, 10, 20 and 
30 kv d-c. Designed for production and 
maintenance testing of cables, motors, 
capacitors and insulation samples. As- 
sociated Research, Inc. > 674 


ADJUSTABLE SPEED PACKAGED DRIVES 
—Two 12-page descriptive booklets. 
EN-64 and EN-65, cover line of ad- 
justable speed d-c packaged drives. 
Publication EN-64 describes Ultraflex 
E adjustable speed drive in sizes from 
1 to 40 hp, which uses electronic tubes 
for power conversion. The Ultraflex M 
adjustable speed drive in sizes from 1 
to 200 hp, using magnetic amplifiers 
for power conversion, is described in 
EN-65. Cutler-Hammer Inc. >675 


TORQUE VS RPM CHART—An easy-to- 
read chart tabulating oz-in torque vs 
rpm at stated hp is available. Engi- 
neering data given ranges from 1/2000 
hp to % hp and from 1 to 14,000 rpm. 
John Oster Manufacturing Co., Avionic 
Div. > 676 


PRECISION DECADE INDUCTORS—Data 
sheet LP 121.1 describes the High Q- 
low frequency inductors that permit 
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Good electrical conductivity or low electrical resist- 
ance of spring materials must be considered in rela- 
tion to working stresses. When springs must carry 
current with a minimum of heating, the copper base 
alloys offer the most logical choice for the spring 
material. But most of these alloys are relatively low 
in strength, and the elastic modulus is low also. 
Since both the strength and modulus affect the de- 
sign, conductivity and stress must be taken into con- 
sideration right at the start. 


This conflict between conductivity and strength may 
be better understood by referring to the bar chart. 
Here, the bars to the right of the vertical line show 
the approximate relative tensile strength while the 
bars to the left indicate relative electrical conduc- 
tivity of commonly used materials. 


Associated Spring Corporation 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
B-G-R Division, Plymouth and Ann Arbor, Mich. 

Gibson Division, Chicago 14, Ill. 

Milwaukee Division, Milwaukee, Wis. 
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Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 

F. N. Manross and Sons Division, Bristol, Conn. 
San Francisco Sales Office, Saratoga, Calif. 
Canadian Subsidiary: The Wallace Barnes Co., Ltd., Hamilton, Ontario and Montreal, Quebec 


Requirements for good conductivity mean generous 
cross sections and low stresses which minimize the 
creep tendency of constantly stressed springs. 


A.S.C. research and experience is at your service in 
all fields of spring usage. Write for your copy of 
“Spring Design and Selection — in brief."’ 


General Offices: Bristol, Connecticut 


Seaboard Pacific Division, Gardena, Calif. 
Cleveland Sales Office, Cleveland, Ohio 
Dunbar Brothers Division, Bristol, Conn. 
Wallace Barnes Steel Division, Bristol, Conn. 


5609 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 
New Hampshire Ball Bearings, 


BEARING FITS AND 
FITTING PRACTICES 


As shown in Fig. 1, the fitting of 
Micro-Bearings, like the fitting of 
larger ball bearings, chiefly involves 
the clearances between the inside di- 
ameter of the housing and the outside 
diameter of the bearing; the bore of 
the bearing and the shaft diameter. 


Cm Diometer 


2 oD 


= 








Ss Diometer 


Bearing 1D 





The achievement of the desired fit 
by dimensioning is illustrated in Fig. 

The bearing ID is represented by 
the top blocks and the shaft OD is 
represented by the lower blocks. Such 
a block diagram could also be applied 
to housings and bearing outside di- 
ameters. In this block diagram, it will 
be noted, the bearing ID is represent- 
ed by a .00015 tolerance with a simi- 
lar tolerance for the shaft. A resulting 
fit of line to line to .0003 loose is 
shown. 


-12500 .12495 .12490 .12485 








Shoft OD 
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-12485 .12480..12475 .12470 





FIG.2 


An interference fit not tighter than 
line to line is suggested for the fol- 
lowing reasons: 

1. Difficulty in assembly. 

2. Difficulty in disassembly. This 
is often more hazardous than 
the assembly operation and 
may result in total bearing 
destruction. 

Reduction in radial play. 
Danger of bearing ring con- 
forming to possible poor ge- 
ometry of mating shaft or 
housing. 


TOLERANCE DISTRIBUTION 
The maximum .0003 loose condition 
shown in Fig. 2 may be excessive in 
some applications. The fitting problem 
then resolves itself to reducing this 
extreme, and yet maintain the maxi- 
mum tight fit of line to line. The 
looseness may be reduced by redimen- 
sioning the shaft to .12490/.12475 as 
shown in the block diagram, Fig. 3. 


-12500 .12495 .12490 .12485 
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Bearing ID 12490 12485 12480 .12475 
FIG,3 





Inc. 


If the frequency distributions of shaft 
and bearing ID sizes were statistically 
normal, the modal fit of all parts 
would be 0.0001 loose. Accordingly, an 
insignificant percentage of parts 
would be mated to the extreme values, 
and for practical purposes could be 
ignored. 

With regard to bearings’ outside 
diameters and bores, however, nor- 
mality of the distribution curve can- 
not be assumed. During the grinding 
operation, the “most metal tendency 
tends to skew the frequency distribu- 
tions for bearing ID’s and OD’s in 
the direction of most metal. 

In grinding and finishing shafts 
and housings, similarly skewed dis- 
tributions occur. 

Operating on a modified probability 
distribution of tolerance is possible if 
the volume of parts is sizeable. But 
the approximate distribution of shaft 
and housing sizes must be verified if 
this method is to be used. 


MATERIALS and SURFACE FINISHES 
The ease of assembly is also affected 
by materials and finishes. The follow- 
ing factors must be considered: 

1. The galling characteristics, 
hardness and ductility of the 
materials involved. 

Finish lay patterns produced 
by various tools and_tech- 
niques Useé d. 

. RMS surface finish values 
achieved. 

4. Geometry of shafts and hous- 
ings as regards out-of-round- 
ness, taper, etc. 

The possible combinations of these 
elements in any single application are 
so numerous that their gross effect 
can only be ascertained by trial and 
error, or by a detailed study of 
operations on individual applications. 
A more complete discussion of fitting 
practices, including sizing methods 
and coding, is found in our design 
handbook. 


DESIGNERS HANDBOOK 
FREE TO ENGINEERS 


If you work with miniature bearings, 
you'll find this new, 70 page authori- 
tative publication a great help in solv- 
ing problems in de- 
signing instruments 
or small electro-me- 
chanical assemblies. 
It will be sent 
free to engineers, 
draftsmen and pur- 
chasing agents. 
Write to: 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 


District Offices: Pasadena, Calif, Park Ridge, Ill., and Great Neck, N. Y 
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switching in any value of inductance 
from 0.01 to 11.1 henries in 0.01 henry 
steps. Includes applications, desecrip- 
tion, specifications and characteristic 
curves. Computer Engineering Asso- 


ciates, Inc. >677 


PRODUCTS FOR PLASTIC AND ALLIED 
INDUSTRIES—Twelve-page booklet en- 
titled “Products for the Plastic and 
Allied Industries” covers company’s 
complete line of adhesives, 
anti-static 


coatings. 
lubricants 
and related products for use with most 
plastics, as well 


agents, cleaners, 
as with wood, metal. 
glass and other materials. Chemical 
Development Corp. >678 


PRECISION LINEAR TRANSDUCER 

Bulletin describes Type MA rectilinear 
transducer, engineered for critical a- 
measurement and servo applications in 
missile, aircraft and industrial systems. 
Includes general description, specifica- 
tions, principles of operation, output 
graph and circuit diagram. Crescent 
Engineering and Research Co. >679 


INJECTION MOLDING OF POLYPROPY- 
LENE—Technical Bulletin No. 1 is an 
8-page brochure on injection molding 
“Moplen” polypropy- 
technical information 
on actual production runs with this 
polymer. Four pages devoted to a table 


and extrusion of 
lene. Presents 


reviewing suggested remedies for some 
of the difficulties that may be en- 
countered when molding or extruding 
“Moplen.” Chemore Corp. > 680 


WORM GEAR DRIVES—Fight-page il- 
lustrated Bulletin 150 provides useful 
information on worm gearing in gen- 
eral, points out advantages of this type 
of gearing and gives pertinent design 
and manufacturing facts. Cleveland 
Worm & Gear Co. > 681 


DIGITAL VOLT-OHMMETER-—!llustra- 
ted data sheet on Model 645AR rack- 
mounted digital volt-ohmmeter contains 
general features, uses, electrical spec- 
ifications, operating principles, and 
physical features. Unit reads d-c, a-c 
volts and resistance, with accuracy of 
0.1 per cent on d-c and ohms; | per 
cent on a-c from 10 to 1000 volts. Hy- 
con Electronics, Inc. > 682 


ELECTRICAL CONTACTS—Brochure 
KCS 957 on electrical contacts covers 
engineering data, contact selection, con- 
tact materials, contact design and con- 
tact sizes. Data tables included for 
selection of standard solid rivet types, 
button contacts and typical properties 
of Conmet materials. Several pages 
devoted to design, selection and recom- 
mendations. Contacts Inc. > 683 
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ESCO alternator powers 
new ultra-compact high-performance radar 


Based on an entirely new concept in radar design, this Raytheon 
“Mariners Pathfinder” radar is compact enough for use on the 
most modest pleasure cruiser, yet big enough in performance for 
the largest commercial vessels. Utilizing just two, simple units, it 
provides clear, steady displays up to 16 miles range. Rugged and 
reliable, it’s real sea-going equipment, built to operate in slashing 
northeasters, arctic ice and the heat and humidity of tropic seas. 


To provide a source of dependable, stable power for the ‘“Mariners 
Pathfinder’, Raytheon chose a specially-designed ESCO motor- 
alternator. Operating froma 32V, L10V or 220V DC ship’s 

supply, this built-to-order inverter delivers a 115V 60-cycle AC 
output, regulated to + 3V and 0.6 cycles over a 20% variation 

in input voltage. It’s designed for a minimum of 10,000 hours 
trouble-free operation under extremely wide variations in tempera- 
ture, humidity, and pitch and roll conditions. 


Building special rotating electrical equipment to meet individual 
requirements has been a specialty at ESCO for almost half a 
century. Why not call on ESCO for the ideal generator or motor 
for your equipment, too? Write for design brochure today. 


ELECPRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. 


ai 
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Type T21U 

Input—115 Volts, 1 Ph. 

Output —0-135 Volts, 

0.36 KVA, Rated current 2.4 Amps. 


Type T51U 

Input—115 Volts, 1 Ph 

Output —0-135 Volts, 

0.90 KVA, Rated current 6 Amps. 


Adjust -A-Vvott Variable Transformers 


Write for 22 page Adjust-A-Volt Cata- 
log which gives all features and speci- 
fications on the complete line. 


These new, improved square base Adijust- 
A-Volts for panel-mounting make the Ad- 
just-A-Volt line more complete and give 
you a wider range of types and sizes from 
which to choose. 

Compact Types T21U and T51U are the 
ideal AC variable voltage control compo- 
nent for many types of OEM applications 
such as power supplies, rectifiers, electrical 
machinery and control consoles. They are 
easy to mount. Square aluminum bases 
have 5/16” long fully threaded, plated 
steel.insert mounting holes. T21U and T51U 
are available in ganged assemblies. 

The complete Adjust-A-Volt line includes 
standard bench and panel-mounted man- 
val, or motor-driven units; 50/60 or 400 
cycle; high temperature; double commu- 
tator; military and special designs. Single 
or three phase—ratings up to 20 KVA. 


Adjust-A-Volts are stocked by leading jobbers everywhere. 


STANDARD ELECTRICAL PRODUCTS COMPANY 


VARIABLE TRANSFORMER DIVISION 


2240 EAST THIRD STREET, DAYTON, OHIO 
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Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


ZINC APPLICATIONS—The first issue 
of a new quarterly newsletter, “The 
Zinc Spotlight.” has been issued to 
keep design engineers and fabricators 
abreast of new product research, design 
developments, production improve- 
ments, applications and trends related 
to zinc and zinc-based products. The 
quarterly may be obtained free of 
charge by writing American Zinc Insti- 
tute, Inc., 60 East 42nd St., New York 
La, Buses 


TERMINALS AND CONNECTORS—A 
free subscription to the bi-monthly 
“Terminalogy” bulletin, devoted to 
terminal and connector developments 
and applications, is available by writ- 
ing on business stationery to Sealectro 
Corp., 610 Fayette Ave., Mamaroneck, 
N. Y. The third issue of “Terminalogy” 
unveils the “ConheX” subminiature r-f 
cable connector. 


RESISTORS, RHEOSTATS AND TAP 
SWITCHES—One hundred-ninety page 
Catalog 58 is an engineering manual 
on resistance applications and on ap- 
plications affecting other of the com- 
pany’s products, such as relays, tap 
switches, variable transformers and 
tantalum. Guide charts permit quick 
appraisal of all styles in each major 
product category. Catalog also provides 
detailed information on “how to select” 
in each major product category. 

Accompanying each catalog is the 
“Ohm’s Law Calculator,” which is 
carried in a pocket at the back of the 
book. The catalog comes with your 
name inscribed in gold on the front 
cover. 

Requests for Catalog No. 58 should 
be made on company letterhead and 
the title of requestee should be stated. 
Address all requests to Ohmite Manu- 
facturing Co., 3603 Howard St., Skokie, 
Ill. 
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PRECISION POTENTIOMETER 
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For over three and a half decades, CLAROSTAT has done just 

one job but that job thoroughly — turning out controls and resistors 
for electronic and electrical requirements. Millions upon millions 
of such CLAROSTAT components in daily use attest to the 
engineering and production skills of CLAROSTAT. 


And now, with ever-growing and ever-more-critical demands for 
precision potentiometers, CLAROSTAT again is the specialist. A 
separate, super-specialized production entity — the Precision Control 
Division — now operates in the Dover plant. CLAROSTAT remains 

the world’s leading winder of fine wire, with an output greater than 
all other winders combined. The resulting precision potentiometers 
are worthy products of “The House of Resistors.”* 


Therefore, specify CLAROSTAT. It always pays to deal 
with the specialist. 


IC ANMMILUADTE 
7t AULT AMIE 


Whatever your precision potentiometer requirements — standard or special, 
simple or intricate, single- or multi-section units, potted or encapsulated, 
large or small quantities — come to CLAROSTAT. Literature on request. nite - 


potentiometer for 
*Reg. U.S. Pat. Off. precice trimming 


CLAROSTAT canoe Pols tet 


Ma 
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FM Series—The only metal thermostats that with 
stand mechanical clamping or pinching of car 


Rugged, Precision | 


MINIATURE 


THERMOSTATS 


For your 
precise 


/ applications: 
MODEL 13 


e MISSILES 


e ELECTRONIC 
CONTROL 


© AIRCRAFT 
© COMPUTERS 
© AUTOPILOTS 


@ TRANSISTOR 
PROTECTION 


Illustrations 


MODEL 11 


shown full size 


* Hermetically Sealed 
* Strain Relief Protected 


The quality of Ulanet miniature ther- 
mostats has been proved by years of 
dependable operation under the most 
extreme conditions. Their inherent ac- 
curacy and rapid response has been the 
leading reason for their final choice in 
sO many critical applications. Get in 
touch with Ulanet for the answer to 
your heat control problems. 


» NEW! 


Hermetically Sealed 
Surface-Sensing 


Miniature Thermostat 


The only unit that meets the most strin- 
gent aircraft and military applications. 


Send for Bulletin 100 for full details and 
dimensional drawings. 


tridge without affecting set calibration. 


GEORGE ULANET COMPANY 


FM Series 
Write for Technical Data Sheets 


HEAT CONTROL 
ENGINEERS 


eLectTe 


420 Market St., Newark, N. J. 
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As manuscripts are projected for pub- 
in each issue of ELECTRICAL 


| MANUFACTURING, the board of editors 
| determines which editorial articles are 
| to be made available to readers in re- 


print form. 
Available reprints of articles in this 
and previous issues are briefed here. 


| Any regular ELrectricat MANUFACTUR- 


| ING reader qualifies for one copy of all 
| single-article reprints, without charge. 


| Inquiry 


The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Service Cards beginning on 


Editorial Reprints 


page 17. Readers should circle those 

numbers indicating the reprints desired 

If multiple quantities of these re- 

prints are desired, the rates to govern 

are indicated below. Remittances must 

accompany all orders. Larger quanti- 
ties, special quotation. 
Cost of 

Single Subject Reprints 

No. of Number of pages 

Reprints 4-12 16-32 

] Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 





REPRINTS NOW AVAILABLE 


The Space Environment—A Prelimin- 
ary Study, October 1958, 16 pages. 
Analysis of natural environments 
in space (above 75,000 ft) as they 
affect future equipment design. 
Anticipated values are presented 
for atmospheric composition, pres- 
sure, solar radiation, ozone, dis- 
sociated gases, aurorae, ionized 
gases, solid particles, and _ the 
earth’s magnetic field. (710) 


Titanium—Its Properties and Design 
Potentials, October 1958, 12 pages. 
Current and potential structural and 
electronic uses for titanium and its 
alloys in component and equipment 
design are presented. Discussed are 
physical and electrical properties 
of standard and new alloys, with 
fabrication data supported by charts 
and graphs. (711) 


Treating Transfer Functions on Ana- 
log Computers, October 1958, 8 
pages. A description with examples 
of a method of applying the trans- 
fer function of a system to an ana- 
log computer to determine the sys- 
tem output. Applicable to systems 
initially at rest or those with input 
conditions, the method takes advan- 
tage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it 
to a mechanical schematic for the 
computer. (728) 


High Voltage Transistor Regulated 
Power Supplies, September 1958, 4 
pages. Design equations and circuit 
analysis for two regulator circuits. 
One uses germanium p-n-p tran- 
sistors and provides 200 volts d-c 


output at 500 ma, the other uses 
silicon n-p-n transistors for opera- 
tion to 85 C with regulated output 
adjustable from 110-130 volts d-c 
at 600 ma. (703) 


Silicon Power Rectifiers—A Survey, 
September 1958, 12 pages. A com- 
prehensive presentation of what is 
available today in the field of silicon 
power (1 amp and over) rectifiers 
and notes concerning their use in a 
wide variety of applications. A ma 
jor portion of the article is tables 
giving detail ratings and character 
istics of the units obtainable from 
sixteen manufacturers. Rating in- 
formation given includes current, 
PIV, temperature, forward voltage 
drop, max reverse current, max 
allowable surge, etc. (717) 


Magnetic Properties of Stainless 
Steels, September 1958, 5 pages. 
Practical tips on selecting a corro- 
sion-resistant steel with particular 
magnetic (or non-magnetic) proper- 
ties for structural and magnetic 
applications. Effects of heat treat- 
ment and/or cold working on mag- 
netic properties of martensitic, 
ferritic and austenitic alloys are 
reviewed. (725) 


Ferrites for High-Power R-F Tuning, 
August 1958, 12 pages. The re 
sults of a program for evaluating 
commercially available ferrites for 
power tuning applications in the 
range from 2.5 to 30 megacycles. 
Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant and Q,, 
as a function of frequency and elec- 
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Republic Silicon Steel Uniformity 
Helps Maintain 


Among the many factors considered in motor design, 
selection of silicon steel should not be looked on as a 
routine matter. The uniformity of the steel used has 
a direct effect on design objectives. This is why it pays 
to specify Republic Cold Reduced Silicon Steels. 
Republic provides 3-way assurance of uniformity. 

First, Republic establishes each grade of silicon steel 
by proper additions to the heat in the open hearth and 
the ladle. As processing continues, tests confirm 
that grade specifications are maintained. Tests do 
not serve merely to identify the grade that has been 
produced after all processing is complete. Asa result, 
Republic Silicon Steel is predictable magnetically 
and mechanically. 

Second, Republic Silicon Steel is continuously 
annealed under full electronic control of heat, atmos- 
phere, and timing. This process, pioneered by 


Republic, assures greater magnetic and mechanical 
uniformity from end to end and edge to edge of each 
coil. Moreover, whether you require full- or semi- 
processed, Republic continuously anneals as the final 
step in production. Republic provides maximum free- 
dom from cold work in every silicon steel shipment 
because the coil is slit before the final anneal. 

Third, Republic’s equipment, sequence of opera- 
tions, and methods permit complete testing whenever 
required—before, during, and after processing. All 
production is “tailored” to specifications, on a mass 
production basis. 

It will pay you to get complete information on all of 
the advantages you gain as a user of Republic Silicon 
Steels. Simply contact your nearest Republic office, or 
write Republic Steel Corporation, Dept. EM-5926, 
1441 Republic Building, Cleveland 1, Ohio. 


REPUBLIC STEEL GH 
Weltli Udlert Reuge off Stivalardl, Stole and Steal Parodies 
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"Best Suited" for 


HIGH TEMPERATURES 


VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat 
endurance at temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were 
developed by Varflex for applications in- 
volving continuous operating temperatures 
up to 260°C. Exceptional stability is com- 
bined with the following qualities . . 


FLEXIBILITY... sharp turns and 90° bends 
cause no cracking or peeling —no loss of 
dielectric strength. 


DIELECTRICALLY-STRONG—AIl grades conform to 
NEMA and MIL-I-3190 standards. 


MOISTURE-RESISTANT—including resistance to 
salt water, mild alkalis and acids. 


FLAME-RESISTANT — Standard burning test is 45 
seconds to burn 1 inch. Can be made self- 
extinguishing on special order. 


COLD-RESISTANT—Excellent resistance to chafing 
and abrasion, flexible to —35°C 


*For temperatures down to —65°C, and for 
applications requiring extraordinary flexi- 
bility, we recommend our new Varglas 
Silicone Rubber sleeving and tubing. In- 
quiries invited. 


Mail coupon today for free folder containing 25 
different test samples of Varflex insulating sleeving, 
tubing, lead wire and tying cord. 


VARFLEX SALES CO., INC., 309 N. Jay St., Rome, N.Y. 
(For Silicone Products Only) 


mn 2 send me free folder containing samples of your electrical insulating tubing and 
sleeving. 
I am particularly interested in insulation for __ 

















ae 
Company _ 
Street __ 


City =- _ é : "rans __ State 
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tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


Electronic Standards for Industrial 


Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 


Dynamic “In-System” Specifications 


for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 
included. (723) 


British Magnetic Amplifier Develop- 


ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 
wave amplifier, a full-wave d-c 
power supply, and a bridge full- 
wave auto-self-excited amplifier. 


(732) 


The Molecular Key to Dielectric Prop- 


erties—a Capsule Physical Chem- 
istry for the Design Engineer, July 
1958, 20 pages. The basic physico- 
chemical principles of gaseous, liq- 
uid, and solid dielectrics explained 
and interpreted in terms of (1) 
their effect on properties of mate- 
rials, and (2) ultimate performance 
in operating equipment. (734) 


Mechanical Fasteners for Military 


Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, application remarks 
and comparative assembly costs are 


included. (713) 


Combined Analog-Digital Control Sys- 


tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and _ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
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Volume output makes Tung-Sol/Chatham 
6528 available for widespread use! 


Enthusiastic acceptance of the 6528 Twin Power Triode 
forced rapid expansion of production quotas, in turn 
resulting in lower manufacturing costs, These savings are 
reflected in lower prices to the user making Type 6528 
economically practical for a vast number of new industrial 
and military applications, 

Type 6528 requires fewer passing tube sections . . . 
permits lower range control circuits . . . and combines low 
internal tube drop with top control sensitivity — a definite 
advantage over previous series regulators, Also, 6528 
triodes may be used in parallel or separately. This simpli- 
fies circuitry . . . saves space, 


DESIGN FEATURES OF TUNG-SOL/CHATHAM TYPE 65281 

1 Hard glass envelope permits full out-gassing . . . takes 
higher temperatures without gas evolution . . . increases 
thermal shock resistance, 

2 Zirconium-coated’ graphite anodes assure excellent get- 
tering. Graphite virtually unaffected by heat. 

3 Oversize cathodes provide adequate emission reserve 
+ « « eliminate standby deterioration. 

4 Extra-rugged grids. Sturdy chrome-copper side rods 
support gold-plated molybdenum lateral wires. 

5 Overall ruggedness. Metal snubbers and ceramic insula- 
tors support mount. Heavy button-stem has rigid sup- 
port leads. 


Tung-Sol Electric Inc, specializes in special-purpose 
tube development . . . can match any design requirement 
you have. For full data on Type 6528 . . . to fill any power 
tube socket . . . contact: Tung-Sol Electric Inc., Newark 
4, N. J. Commercial Engineering Offices: Bloomfield and 


Livingston, N. J.; Culver City, Calif.; Melrose Park, Ill. 


TYPE 6528 RATINGS 


Max. plate dissipation per tube............ ot 
Max. plate dissipation per section 

Max. steady plate current per section 

Max. plate voltage 

Max. heater cathode voltage 

Amplification factor* 

Transconductance per section* 


* Average characteristics at Ey = 100v, E. = —, Ip = 185 ma, 


ty TUNG-SOL 
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PRESSITE—an absorbent. unsized 
material of great purity for use 
principally in air, oil and askarel 
transformers. 


ELECTRITE—a high grade board 
with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 
tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 

Pulp Products Department 
230 Park Avenue 

New York 17, N.Y. 
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multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- 
homa State University. Important 
papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


| Effects of Radiation Environment on 


Structural Metals, June 1958, 9 
pages. The mechanism and types of 
radiation damage are presented, to- 
gether with definitive charts, graphs 
and a glossary. Discussion includes 
metals able to withstand harmful 
effects of radiation without com- 
promising their original properties 
and characteristics as specified in 
equipment design. Radiation effects 
studied include changes in electrical 
resistivity, flux, mechanical and 
general physical properties. (720) 


Structural and Electrical Applications 
of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
equipment. The article includes 
specific case histories, advantages 
and disadvantages of British. 
French and German experiences 
with aluminum and its alloys. Ma- 
terial is based on papers presented 
at a symposium sponsored by the 
British Aluminium Development As- 
sociation in London during May. 


1957. (726) 


Basic Statistics for the Design En- 
gineer, May 1958, 20 pages. An in- 
troduction to the basic mathematics 
required for logical design of ex- 
periments and analysis of data, 
quality control, operations research, 
and life testing programs. Examples 
are discussed, illustrating some 
practical applications in equipment 


design. (736) 


| Selenium Rectifier Selection and Cir- 
| cuit Design, April 1958, 12 pages. A 
guide to selection and circuit ap- 
plication factors for selenium recti- 
fiers, derived from basic circuit 
analysis, for single-phase halfwave 
and bridge arrangements. (731) 


| Crossbar Switch Applications, April 


1958, 12 pages. Circuit details of 
the application of these compact 
three-dimensional contact arrays 


NEW! MEETS MIL SPECS! 


-————. 
Pd _—~ 


JOHNSON 


METAL-CLAD NYLON 


TIP JACKS 


@ Shock-proof nylon and metal construction 
@ Resistant to extremes of heat, cold, moisture 
@ Available in 13 bright, permanent colors 


aye 


io at i New... from E. F. 

+ M4 Johnson .. . these 

metal-clad nylon tip 

jacks will not chip 

or crack with even 

the hardest usage. 

Available in three 

basic grades: Stand- 

ard, Industrial, and 

— Military... all com- 

pletely insulated with a rugged nylen 

body . . . protected by a nickel-plated, 

machined br: ass jacket. Quickly fastens to 
any mounting surface ... capacity to 

panel: 3.8 mmf. Continuous c urrent rat- 

ing: 10 amps. Internal silver-plated con- 

tact is recessed in head for safety 

accommodates tip plugs of a nominal 

081” diameter. Single 14"-32 nut_fur- 

nished. Mounts in 17/64” dia. hole. Vari- 

ations in the three grades listed below. 

STANDARD — 105-201-1 Series— low cost, metal- 

clad nylon tip jack with formed silver-plated phosphor 

bronze contact. Voltage breakdown: 7,000 Volts DC. 


INDUSTRIAL — 105-201-100 Series— Furnished with 
nickel-plated phosphor bronze lock washer. Machined 
beryllium copper contact, silver-plated—hot tin-dipped 
terminal end. Voltage breakdown: 8,000 Volts DC. 


MILITARY— 105-201-200 Series—Fully complies with 
MS-16108 of MIL-STD-242A. Heavy nickel-plated brass 
jacket meets Federal specifications QQ-N-290. High 
insulation resistance of nylon body complies with MiL- 
P-17091. Machined beryllium copper contact, silver- 
plated—hot tin-dipped terminal end. Supplied with 
tin-plated phosphor bronze lock washer. Voltage break- 
down: 8,000 Volts DC. 


NYLON TIP JACK AND SLEEVE 
NYLON TIP JACK (Low Cos!) 
NYLON TIP JACK (Standard) 
NYLON BANANA PLUG 
NYLON BANANA JACK 
NYLON BINDING POST 


NYLON TIP PLUG 
wre Johnson manufactures a complete 


line of connectors. For complete in- 
today formation write for your copy of 
our newest component catalog. 





E. FE. Joh « agen ERY 





2612 Second Ave. S. W. « Waseca, Minnesota 
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REULAND STANDS BEHIND ITS PRODUCTS 


If you have purchased equipment on which 
Reuland motors are installed, you can be 
assured that this philosophy of doing busi- 
ness is built into every single Reuland motor 
you own...in as tangible a form as the 
metal itself. Not only as a standard “service 
policy”... but by the kind of understanding 
and consideration that comes only from a 
company dedicated to fairness and service. 


Quite likely you will never have an occa- 
sion to draw on this policy, but it is reassur- 
ing to know that it is there, wherever you 
may be. 

Yes, across the Nation . . . or around the 
globe, Reuland stands behind every product 
that bears its name...stands behind it with 
a great company-wide pride that can only 
bring you full satisfaction at every turn. 


Our new 8-page brochure ‘MODERN MOTORS FOR MODERN-DAY PRODUCTS” will be helpful in your work. 
Please write for your free copy. 


REULAND 


MOTORS 


® 


REULAND ELECTRIC COMPANY 
Western Division: Alhambra, California + Eastern Division: Howell, Michigan 
Distributors in all principal cities 
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for: 3-coordinate single-point selec- 
HERE’S HOW A MILFORD RIVETER or coordinate single-point selec 


tion; stepping-switch scanner con- 
trol; digital-to-analog conversion; 
CcuTs PRODUCTION cosTs, analog-to-digital conversion; mul- 
tiple indexing and switching func- 


SPEEDS ASSEMBLY AUTOMATICALLY! tions. (730) 


Ferroelectrics as Solid-State Devices, 
March 1958, 12 pages. Summary of 
types, properties, mechanisms and 
applications of nonlinear dielectrics 
as: capacitors, transducers, resonant 
and nonresonant amplifiers, ferro- 
electroresonant switches, memory 
devices. (714) 


International Standards for Motor 
Dimensions Set for Final Approval, 
March 1958, 8 pages. Final pro- 
posed I.E.C. motor dimensional 
standards for interchangeability be- 
tween metric and inch systems are 
presented. Problems and compro- 
mises necessary in achieving this 
are described. (708) 


Evaluation and Applications for Fiber- 
Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
application areas of various types of 
fiber-insulated, film-insulated and 
composite-type magnet wire. Com- 
mercial identifications given. Stand- 
ards are listed. Comparative ad- 
vantages and disadvantages of 
various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber, 
Dacron polyester yarn, Nylon yarn, 
Mylar polyester film and Quinterra 
asbestos paper. (707) 


Designing Minimum Weight Mag- 

netic Cores, February 1958, 8 

pages. A_ straightforward proce- 

dure for minimizing the combined 

weight of core, case and coil for a 

given volt-second capacity—can be 

extended to include weight minim- 

ization of power supply and other 

related components. Three exam- 

The floor-mounted Riveter shown here is only ah cise vn 
one of a full line of automatic riveters by Milford. R 

Bench or floor models . . . single or multiple The Anatomy of Automation, January 

spindle . . . manual or automatic operation, the | and February 1958, 20 pages. The 

Milford Riveter line is designed to solve your broad general area of “automation” 

toughest assembly problems, can be adapted is classified into four major sections: 

to your particular operation. basic elements; manufacturing (ap- 

For a complete line of tubular rivets . . . plied energy); control (applied in- 

for fast, trouble-free assembly . . . formation); mechanized mental 

look to Milford! operations (applied intelligence). 

Definitions, examples and discus- 

sions of 117 key automation terms 

are organized into 18 sub-classifica- 

tions. (727) 


MILE oO RD RIVET Design Advances from Magnetism Re- 


search, January 1958, 16 pages. 
& MACHINE CoO. Commercial significance and design 


MILFORD, CONNECTICUT © HATBORO, PENNSYLVANIA promise of new developments in: 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. soft magnetic alloys, particularly 
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SX 


PRODUCTS 


— SODERON (nylon coated Soderex) 


WINDS 
EASIER 


Low co-efficient of friction pro- 
vides “lay-in" qualities similar to 
tried and true Nyform (nylon 
coated Formvar). 


RESISTS 
SOLVENTS 





The chemically resistant outer jack- 
et removes any danger of magnet 
wire damage by severe varnish 
or compound treatments. 


SOLDERABLE, 
TOO! 


No stripping. Solderable at low 
temperature without damage to 
copper conductor. 


SX Soderon is available in sizes 10-46 AWG, inclusive. 
Packaged on spools, reels, pails and “Magna Pak”® 


Wire designed with the future in mind . . 


ek ote 
aa «i 


- 


. Essex “field tested’’ Magnet Wire 


MAGNET WIRE DIVISION, Essex Wire Corp., Fort Wayne 6, Indiana 
 Manetacturing Plants: Birmingham, Alabama; Anaheim, California; Fort Wayne, Indiona; Hillsdale, Michigan 
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ESSEX WAN” 

















ision Components. ..another Kearfott capability. Shoo 
Precision Comp - ty cube-oriented silicon-iron for power 


equipment; permanent magnets, in- 

| cluding design techniques for cur- 

WS rent and soon-coming new materi- 
als; thin magnetic films and other 

promising candidates for computer 


precision eee memory devices; ferrites, garnets 


and the revolution in microwave 

techniques and magneto-optics—as 
accuracy eee disclosed at the 1957 ATRE Con- 

ference on Magnetism. (704) 
performance 


Design and Application of Hysteresis 
Clutches, December 1957, 16 pages. 
Advantages of hysteresis clutches 
for control and instrument purposes 
are evaluated, and important cir- 
cuits analyzed. Complete details of 
electrical and magnet design of 
these clutches are presented, includ- 
ing altitude operation considera- 
tions. (733) 


New Procedures for Designing Linear 
and Swinging Chokes, December 
1957, 8 pages. A simple, widely 
usable procedure to save time in 
the design of linear and swinging 
chokes is described and illustrated 
with specific examples. Complete 
design data and curves, verified by 
use in a design organization, are 


given. (702) 


Analysis and Elimination of Corona 

Effects, November 1957, 8 pages. 

Servomotors A discussion of the causes that lead 
to corona with examples of specific 
procedures, such as changes in con- 
figuration, to eliminate corona ef- 
fects. Test methods for detection 
and location of corona are also de- 


scribed. (701) 


Maximum precision, performance, and accuracy are inherent in 
all Kearfott components. Superior performance under the most 
adverse environmental conditions is assured. 


Synchros: Sizes 25 through 8 
Errors as low as 20 seconds Evaluation of Enameled Magnet Wire 
and Applications, October 1957, 
20 pages. A detailed review of the 
major types of enameled magnet 
Servomotors: Sizes 25 through 8 | wire, with properties appraised in 
Wound for transistorized amplifiers relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 
Formvar, Nylon, Nylon-Formvar, 


Motor-generators: Sizes 15 through 8 
Linearity better than 0.01% 


Components are available to withstand high temperatures (up to 
200°C), severe vibration (to 2000 cps), and shock (to 50 G). 
Corrosion resistance and light weight are further reasons for the 
extensive use of Kearfott components in operational and develop- polyester, epoxies, Teflon, Teflon- 
mental missiles and aircraft. Write today for engineering data. | acrylic, and polyurethane. Detailed 
tables of properties, application 
Engineers: Kearfott offers challenging opportunities areas, advantages and disadvan- 
in advanced component and system development. 


ee Gee 
yPRECISIO 


tages of specific types, trade names, 
and applicable standards. (729) 


JIC Electrical Standards for Industrial 
c . -- 

BR Equipment, June 1957, 24 pages. 

“ Revised specifications for the appli- 
z 





a 


iy cation of electrical apparatus to 
N 


| Kearfott 


e | CORPORATIO 


_— APRESS Le Oe PRIA 


welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
KEARFOTT COMPANY. Do RASTA POLLS. N. J. March 1957. Single reprints, no 
idi ion ipment Corporation ° cas 

sees Geaetns ailines tae mie Ave., Cliften, N. J. charge. Multiple quantities may be 

Midwest Office: 23 W. Calendar Ave., La Grange, Ill. South Central Office: 6211 Denton Drive, Dallas, Texes obtained at the following prices: 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 5—$3.75: 10—$6.00: 25—$12.50: 
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LEADERSHIP IN AUTOMATIC CONTROLS FOR HEATING e COOLING e REFRIGERATION e¢ APPLIANCES 


Shaping a new age of climate control 


through 


engineering 


“WHITEVYRODGERS 


St. Louis 6, Missouri + Toronto 8, Canada 


Write R. C. Sherer, Vice President... an area engineer is at your service. 
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World of today... and world of 
tomorrow. The two blend so completely 
that aggressive manufacturers of 
original equipment in the heating, 
cooling, refrigeration and appliance 
fields, working with White-Rodgers, 
must constantly move ahead to meet 


and build a richer future. 


The key to equipment performance 

will always be Control...and Control 
is our business. White-Rodgers has 
long helped to pioneer the future 
through creative engineering and 
volume production of the finest 
precision controls. We have a reputation 
for imagination ...-and cooperation. 
We'd like to talk with you about your 
needs. Present and future. 


precision temperature 
controls for what's 
doing today...and 
coming tomorrow. 





- +o 
New control circult transformer 50—$20.00; 100—$30.00. Send 
check with order payable to The 
Gage Publishing Company, 1250 


has a drop below rated voltage of sixth Ave, New York 20,'N. ¥. 


(724) 


only 5% at 1,000” inrush current 


The extra capacity enables 


of s 
you to specify transformer =) eres — Multiple Reprints 


size according to your sealed a 8 
volt amperes with few ex- ’ ¥- . Now Available 


ceptions. Savings of initial 





cost and panel space will re- 


sult because you can often : Multiple Reprints (reprints or com- 
pendiums into which are combined 

,' several separate articles on the same 
Hevi-Duty Type SZO trans- ' ~~ or related subjects) are available at 
ian the nominal prices indicated in each 
formers range from .050 to ee, listing. Orders must be accompanied 
5 KVA. y by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


use a smaller unit. New 


Write for Bulletin 300 


HEVI-DUTY ELECTRIC COMPANY ee coal 
Engineering Applications of Boolean 


HEAT TREATING FURNACES HEVMIEBETY ELECTRIC EXCLUSIVELY Algebra, 68 pages. A design guide 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS to the analysis and synthesis of 


MILWAUKEE 1, WISCONSIN switching circuits and logic sys- 
tems—both combinational and _se- 
quential—in any medium: mechani- 
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ema | al, electrical, hydraulic, electronic 
WATERPROOF | a Bor apron atledios a ae. 


WLETNVIT =MOLDED COILS =e) ptiic! ace oh 





Molded from the new epoxy Language and Laws of Boolean 
resins, the coils are imper- Algebra 
vious to water, oils, dust, Analyzing Combinational Cir- 
acids, alkali solutions and cuits by Boolean Matrices and 
water base hydraulic fluids. Karnaugh Maps 

eka Analyzing Specifications and De- 
The windings are completely signing Circuits 
encased in the thermoset- | Circuit Design Using Boolean 
ting resin by incorporating Matrices and System Synthesis 
the unique design of a core Using State Coding 
tube fabricated from the Designing Sequential Circuits 
same resin as is used in the 
encapsulating process. 
plus (available only in this combined 
reprint) 
e Electronic Sequential Circuits 
e Tabular Reduction Techniques 
e Selected Bibliography 


Coil windings are currently 
being molded in green, 
black, red, and blue colors, 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as _ insulating 
materials for general pur- Written by Boris Beizer, Airborne 
pose application 105° C. Instruments Laboratory, and Ste- 
Class A requirements. phen W. Leibholz, Republic Avia- 
tion Corporation. $2.00 

Write Dept. E For Complete 

Details 

Five-Year Annotated Editorial Index 
DELUXE COILS, INC. to Electrical Manufacturing, 60 
; f pages. A short-cut to research for 
Post Office Box 364 ° Wabash, Indiana design engineers. Book lists, by 
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SEND FOR THIS al 


NEW BOOK Er: 


IT’S NEW! IT’S DIFFERENT! Chase Silnic Bronze is a Nickel 
Silicon Bronze alloy, combining high tensile and high yield 
strength, high conductivity, excellent cold-forming charac- 
teristics and high corrosion resistance! It will out-perform 
the metal of its type you’re using now—let us show you! 


Send today for your FREE Copy of the metallurgical report 
on SILNIC Bronze. See for yourself where and how this new 
Silicon-Bronze alloy can help you. See how S1Lnic BRONZE 
can aid in the production of just about any fastener you make 
today from bronze rod or wire—and in studs, springs, shafts, 
gears, electrical connectors. 


Ask your nearest Chase Representative for further details 
..- locally, or by writing Chase at Waterbury 20, Connecticut. 





BRONZE 


The NEW 
Chase Alloy gives you 
superior properties 
no other alloy 
can match 





CONTENTS 


Mechanical Properties 

Physical Properties 
Comparison with Other Metals 
Test Data 

Fabrication Information 
End-product Properties 

plus other needed information! 


Chase. # 


BRASS & COPPER CO. 
WATERBURY 20, CONN. 
Subsidiary of 
Kennecott Copper Corporation 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 
Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth, L.1.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 


OCTOBER 1958 
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in plastics 


by B. FRANK HANTZ, Vice President 
AMERICAN INSULATOR CORPORATION 

































































tomers we’ve served in the past.” 






































































These nylon pump impellers are typical 
examples of how better products result 
from the use of Aico Molded Plastics. 
Molded to extremely close tolerances, pro- 
viding precision accuracy without machin- 
ing, the nylon impellers reduce assembly 
costs while increasing pump efficiency 
Their light weight conserves driving energy 
The chemical, corrosion and wear resistant 
qualities of the nylon material promises 
longer impeller life and less pump main- 
tenance. Aico Molded Plastics can give 
your products new, impelling sales advan- 
tages, too. Discuss them with Aico now. 

























































































AICO’S Nook of ; 
Plastics Knowledge 














INSERTS may be used in plastic parts 
as fasteners, to support loads, simplify 
handling or facilitate assembly. (They 
may serve functional purposes or may 
be used purely for decoration.) Smooth 
rod inserts (see sample above) may be 
securely anchored by bending, splitting, 
notching, swaging or knurling. Other 
types of inserts are fully covered in 
Aico's booklet ‘‘Good Plastics Design 
Makes Cents.’’ Coupon will bring your 
FREE copy. 































































One of The Men Behind The Man From Aico 










‘Aico’s enviable position in the field of molded plastics has been attained 
largely through customer satisfaction and service. Since 1916, Aico has 
been a major supplier of molded plastics to many of America’s pace- 
setting industries. Each molding job presented its own unique problems 
... problems which were successfully 
and coordinated skill of expert craftsmen within the Aico organization. 
Perhaps the best proof of Aico’s efficient service . . . and satisfaction 
delivered ...is the record of new assignments we receive from cus- 


solved by the integrated facilities 





MOLDED NYLON PUMP IMPELLERS 
ANOTHER NEW USE OF AICO PLASTICS 










FREE 
Plastics 
Designer’s 
Handbook 


Shows how good design controls unit cost of 
molded plastics. Molded plastic parts with a 
low unit cost can be achieved only when the 
practical limitations of die-making are given 
full consideration when the part is being de 
signed. Aico has prepared a Plastics De 
signer’s Handbook that tells and illustrates 
how costly design errors can be avoided. A 
FREE copy is yours on request use cou 
pon below 











A completely integrated plastics 
molding service with unmatched 
experience and coordinated 


facilities for Engineering, Mold 
Building, Compression, Transfer, 
Plunger, Injection and Cold Molding 
plus the molding of Reinforced 


Fiberglas 


American Insutator CorporariOn 
New Freedom, Pa. 


Please send me a FREE copy of Aico’s 
PLASTICS DESIGNER'S HANDBOOK. 


Name 
Title 


Company —_ 


| Slide 


functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period 1951-1955. 


$1.50 


Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 

e The Basic Slide Rule 

e Variations on Basic C-D Opera- 
tion 

Trigonometry 

The Log-Log Scales 
Vector Diagrams 
Hyperbolic Functions 
Phasor Calculations 
The Circular Slide Rule 
Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELEectTrICAL 
MANUFACTURING includes “Capsule 
Calculus” and the 5-part series 
“Fundamentals of Servomechanism 
Design.” $1.00 


Casting Resins and Application Tech- 


niques, 52 pages. Fight previously 
published articles dealing with the 
embedment, encapsulation, and im 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibliography 
of articles is included. $2.00 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and_instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
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FIVE constant voltage transformer 


Constant Voltage Filament Transformers* are widely 
used by manufacturers of electronic equipment 
who know that inrush current and fluctuating 
voltage to electron filaments are costly in short- 


ened tube life .. . in substandard performance and unnec- 


essary failures. That’s why Electro-Pulse, Inc., manufac- 
turers of the Megacycle Pulse Code Generator (shown 
left), builds in a Sola Constant Voltage Filament Trans- 


Standard*: Constant Voltage Trans- 
formers for electrical and electronic 
equipment .. . regulation +1% 

response within 1.5 cycles no 
tubes, moving parts or manual ad- 
justments . . . static-magnetic regu- 
lation...limits current on load faults. 


Harmonic-Free*: Output voltage wave 
has less than 3% total rms harmonic 
content ... other features identical 
with standard type . automatic, 
continuous regulation for rec- 
tifiers and other loads sensitive to 
harmonics low external field. 


*Stock or custom units 


CORE GENERATOR 


types answer most stabilizing needs 


former as a component of the power supply (shown right). 

The Sola’s current-limiting characteristic protects fila- 
ments from cold inrush current upon starting. It regulates 
filament voltages to within +1% with line voltage varia- 
tions as great as +15%; response is within 1.5 cycles. 

Stock units are available from 2.37 to 25 amp ratings. 
Custom designs can be manufactured in production quan- 
tities for specialized applications. 


Plate-Filament*: Regulation is +3% 
with line input between 100-130v ... 
plate and filament windings are com- 
bined on a single, compact core for 
chassis mounting . . . good isolation 
of input and output circuits 

automatic, static-magnetic regulation. 


Adjustable, Harmonic-Free: Provides 
output adjustable from 0-130 volts ac, 
also fixed 115 volts ac .. . regulates 
within +1% with less than 3% total 
rms harmonic content...portable for 
lab or shop bench use, or mounts 
on 19” relay rack. 


Send for Circular 


Sola Electric Co., 4633 W. 16th St., Chicago 50, III., Blshop 2-1414 @ Offices in Principal cities © In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 14, Ont. 
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6) CVF-269 


electrical 


enclosures 


custom fabricated 
by Kirk & Blum 


e Control Desks and 
Consoles 


e Instrument 
Panels 


e Boiler, 
Turbine, 
Generator Panels 


e Power Distribution, 
Control Panels 


e Switch Gear 
Housings 


e Cubicles 


e Weather proof 
Housings 


e Transformer Tanks 
e Test Stands 


For industry, power plants and 
utilities, Kirk & Blum con produce any 


type of mefal enclosure . . 
and economically. 

Send your prints for prompt 
quotation. 


15) 0) "Sern 


SP CCHC REESE THREE REET 


seeeeeree 
eeeerseaeee 


KIR 


THE KIRK & BLUM MANUFACTURING CO. 


. quickly 


3122 FORRER STREET, CINCINNATI 9, OHIO 
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systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. $2.50 


Multiple Reprints 

at Quantity Prices 
Since handling expenses are a signif- 
icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 

lowing prices per copy apply: 
Quantity 
Title 5 25 
Slide Rule Mathematics 90 .7 
Casting Resins 1.75 1.50 
Human “ngineering 2.25 2.00 
1.80 1.60 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. (N.Y.C. 
orders should include 3% City Sales 


Tax.) 


Boolean Algebra 





A short-cut to 
RESEARCH 


e Hundreds of design and re- 
search engineers have provided 
themselves with personal file copies 
of the 


ELECTRICAL 
MANUFACTURING 
5-YEAR ANNOTATED 
EDITORIAL INDEX 


The 60-page book lists by func- 
tional subject classification—with 
succinct annotations—every fea- 
ture article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period, 1951-1955. A 
companion booklet lists all 1956 
articles. 


The cumulative annotations pro- 
vide valuable time-saving reference 
source, both to recent and earlier 
literature. The indexed articles deal 
authoritatively with all types of 
materials, components, systems and 
techniques which have special ap- 
plication in the engineering design 
and development of electrically 
operated products. 


The Index is printed on white 
coated paper and is wire-stitched 
to handy file size, 842” x 11”. 


Per copy price is $1.50 on orders 
accompanied by remittance (add 3 
per cent sales tax for New York 
City delivery). Please make remit- 
tance payable to The Gage Pub- 
lishing Company, 1250 Sixth Ave- 
nue, New York 20, N. Y. 
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1500 Volts 400 ma 
at 150°C! 


‘Trangitron SILICON RECTIFIERS 


Here for the first time is a 1500 volt rectifier proven Hermetically sealed in the standard %,” hex pack- 
in service at 150°C Case. Current levels up to 400 ma age, these units are resistant to shock, vibration and 
are handled by the TM155.. . the latest to join environment changes. The new higher ratings make 
Transitron’s expanding family of high voltage silicon them useful in high voltage power supplies for magne- 
rectifiers. And now this entire high voltage series is trons, klystrons, electronic precipitators and other 
priced more attractively than ever! applications requiring 600 volt output or higher. 


Send for our rectifier brochure, TE-1351. 





FEATU RES Maximum Maximum Maximum 


Inverse Average Average 
Operating Forward Inverse 


pfrricleen cote wor) | tmp’ | runtoca ey 
HIGH TEMPERATURE 


@ HIGH POWER 1500 400 
HANDLING ABILITY 1500 200 


@ SMALL SIZE wy 


@ HERMETICALLY SEALED 400 
200 











For still higher voltages at 
surrents to 175 ma, Transitron 
makes rectifier assemblies in 
Sartridges and in the convenient 
“QW” axial lead package. 


1000 
400 
200 














‘Tra ngitron 


electronic corporation wakefield, massachusetts 


Diodes Regulators 
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STRAIN RELIEF Association 
BUSHINGS 


insulate & Anchor 
power supply cords 


standard 
& special 
wires & 
cables— 


Protect the life line of 
your electrical products 


Tell us your wire sizes— we'll send 
you Nylon HEYCO samples. 
HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 


Activities 


Program For 10th Annual AIEE Machine 
Tool Conference 





The program for the 10th Annual 
ATEE Machine Tool Conference, to be 
held at the Statler Hilton Hotel in 
Hartford, Conn. Oct. 13-15, 1958, pre- 
sents a balanced coverage of the indus- 
try’s progress in the fields of machine 
control, gaging, computers, safety, pre- 
cision positioning and machine design. 
The following is a list of the papers 
to be presented and their authors: 
Technical Session No. 1 
ee For Guided Missiles & 
Rockets,” C. Leroy Phillips, Glenn L. 
Martin Co. “A Year of Operating Ex- 
perience With Numerical Control,” W. 
Beeby, Boeing Airplane Co. “Operat- 
ing Experience With Relays and Limit 
Switches,” Pontiac Div., General Motors 
Corp. “Operating Experience With 
Static Switching.” M. R. Pardell, A C 
Sparkplug Div., General Motors Corp. 
Technical Session No. 2 
“Tubes vs Transistors in Machine 
Control,” H. Grossman, Concord Con- 
trols. “Fundamentals of Computers,” 
William McClelland, IBM Corp. “Pho- 
toelectric Line Follower,” Westinghouse 
Electric Corp. “Improved Safety in 
Stamping Presses.” Roland Russo, 
Clark Controller Co. 
Technical Session No. 3 
“Precise Linear Positioning of Ma- 
chine Tools,” Charles Witham, Cutler- 
Hammer, Inc. “A New Concept in Au- 
tomatic Machines.’ W. Brainard, 
Kearney & Trecker Corp. “Practical 
Problems in Applying Gages To Ma- 
chines,” Greig Butterworth, Cincinnati 
Milling Machine Co. Panel—Design- 
ing Machines For Servo Drives.” 
Technical Session No. 4 
“D-C Water-Cooled Spindle Motor 
and Control,” Al Bowman, Allis-Chal- 
mers Mfg. Co. “New Electric Products 
For Machine Tools.” a series of 5- 
minute talks. “The Controlled Rectifier 
and Its Application.” W. D. Cockrell, 
General Electric Co. “A Power Servo 
For Automatic Machines,” John A. 
Hudak, Reliance Electric & Engineer- 


ing Co. 


llth Annual Conference on Electrical 
Techniques in Medicine and Biology 


The 11th Annual Conference on Elec- 
trical Techniques in Medicine and 
Biology, to be held in Minneapolis, 
Minn., November 19-20-21 at the Nicol- 





FREE TEST SAMPLES 


Show How 


MINI- 
MITE 


miniaturized 


SET SCREWS 
CUT YOUR COSTS! 


" ACTUAL 
SIZE 


Blowup shows precision 
made MINI-MITE Set 
Screws with perfectly 
formed beads which 
asssure easy insertion 
of driving tools. 


For miniaturized applications 
Setko MINI-MITE Set Screws can 
cut your costs in four important 
ways. Reduces initial cost, no extra 
charges are incurred because of 
special design. Increases produc- 
tion rates because MINI-MITES 
are made with watch makers pre- 
cision, threads mesh precisely 
insert perfectly. Cuts down on 
rejects in sub or final assembly 
because of consistent uniform 
quality. Immediate availability in 
Slotted, Socket and Socket Cap 
types in sizes #0, #1, #2 and #3 
and in a wide selection of metals, 
finishes, lengths and points to 
choose from. 


FREE TEST SAMPLES 
Send Today for your Free test 
samples of MINI-MITES or send 
your specifications and we will 
send samples. 


WRITE FOR pe 
CATALOG 23 uty 
describing the “ 


complete SET 
Setko line. SCREWs 
ot 


ef 55. 


crevy 
& Rtg. Co. 
112 Main Street, 


% Bartlett, IMinois 
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Here are the answers . . . to requirements for precise 
dimensional control . . . in electrical, electronic and glass or 
ceramic sealing applications. 

You choose from the widest range of low expansion alloys 
available today from any producer, including glass sealing alloys 
suitable for vacuum-tight seals ... when you choose Carpenter 
as your supplier. 

Experimental work at Carpenter has also produced many 
additional bonus benefits, such as freer machining, easier 
fabrication of these alloys. 

And if you have special low expansion requirements 
conventional alloys can’t meet, Carpenter is still your best bet. 
A continuing research and development program with an 
outstanding record of achievement is ready and willing 

to accept your challenge. 

Tell Carpenter your needs, today. Write, describing your 
requirements fully . . . and ask for your free copy of Carpenter's 
new, 64-page technical booklet covering alloys now available 
for electronic, magnetic and electrical applications. 

The Carpenter Steel Co., 115 W. Bern St., Reading, Pa. 


e fr 


We fal oe ol 

The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 

Webb Wire Division, New Brunswick, N. J. 
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Oct. 1-2—Fourth Conference on 
Radio Interference Reduction, Arm- 
our Research Institute, Chicago, II]. 


Oct. 1-2—Second National Sympos- 
ium on Engineering Writing and 
Speech, Hotel Biltmore, New York 
City. Sponsored by IRE Professional 
Group on Engineering Writing and 


Speer h. 


Oct. 6-8—Conference on Electrical 
Insulation, National Research Coun- 
cil—National Academy of Sciences, 
Pittsburgh, Pa. 


Oct. 13-15—Fourteenth Annual Na- 
tional Electronics Conference, Hotel 
Sherman, Chicago, IIl. 


Oct. 13-15—5th Annual Lubrica- 
tion Conference, sponsored by the 
American Society of Lubrication 
Engineers and the Lubrication Div. 
of the ASME, Statler-Hilton Hotel, 
Los Angeles, Calif. 


Oct. 16-17—14th Annual Conven- 


tion of The Magnesium Association, 
Fort Shelby Hotel, Detroit, Mich. 


Oct. 20-22—4th National Aero- 
Com Symposium, sponsored by IRE 
PGCS, Hotel Utica, Utica, N. Y. 

Oct. 21—Regional Technical Con- 
ference of Society of Plastics Engi- 


neers, Curtis Hotel, Minneapolis, 
Minn. 


Oct. 26-31—Fall General Meeting 
of AIEE, Penn-Sheraton Hotel, Pitts- 
burgh, Pa. 


Oct. 27-29—Radio Fall Meeting, 
Sheraton Hotel, Rochester, N. Y. 


Oct. 29-30—Computer Applica- 
tions Symposium, sponsored — by 
Armour Research Foundation, Mor- 
rison Hotel, Chicago, III. 


Oct. 27-31—40th National Metal 
Exposition and Congress, sponsored 
by the American Society for Metals, 
Public Auditorium, Cleveland, Ohio. 


Oct. 30-31—International 
posium on Plastics, Benjamin Frank- 
lin Hotel, Philadelphia, Pa. 


Sym- 


Oct. 30-31—-15th 
of the Aircraft 
Pan Pacific 


geles, Calif. 


Annual Display 
Electrical Society, 
Auditorium, Los An- 


Oct. 30-31, Nov. 1 
Meeting. Shoreham 
Washington, D. C. 


1958 Electron 
Hotel, 


I ev ices 


Nov. 6-7—5th Annual National 
Meeting of the Professional Group 
on Nuclear Science, Villa Motel, San 
Mateo, Calif. 


Nov. 10-14—Annual 
National Electrical 
Association, Traymore 
lantic City, N. J. 


Meeting of 
Manufacturers 


Hotel, At- 


Nov. 17-18—Sixth Annual Con- 
vention of the Society of Technical 
Writers and Editors, Inc., Shore- 
ham Hotel, Washington, D. C. 


Nov. 17-20—Conference on Mag- 
netism and Magnetic Materials, 
sponsored by the AIEE, in cooper- 
ation with the American Physical 
Society, IRE, the Metallurgical 
Society of AIME, and the Office of 


Naval Research, Sheraton Hotel, 


Philadelphia, Pa. 
Nov. 17-21—Eighth National Plas- 


tics Exposition, sponsored by the 
Society of the Plastics Industry, 
International Amphitheatre, Chicago, 


Til. 
Nov. 18-20—Ninth National Con- 


ference on Standards, sponsored by 
the American Standards Association, 
Hotel Roosevelt, New York. 


Nov. 19-20—Northeast Electronics 
Research and Engineering Meeting, 
sponsored jointly by the Boston, 
Conn., and Western Mass. sections 
of IRE, Mechanics’ Building, Bos- 
ton, Mass. 


Nov. 19-21—1]th Annual Confer- 
Electrical Techniques in 
Medicine and Biology, sponsored by 
IRE, AITEE, and the ISA through 
their Joint Executive Committee on 
Medicine and Biology, Nicollet Ho- 
tel, Minneapolis, Minn. 


Dec. 1-5—23rd National Exposition 
of Power and Mechanical Engineer- 
ing, under auspices of ASME, New 
York Coliseum, New York City. 


Dec. 3-5 


Conference, 


ence on 


Eastern Joint Computer 
sponsored by AITEE, 
IRE and the Association for Com- 
puting Machinery, Bellevue Strat- 


ford Hotel, Philadelphia, Pa. 
Dec. 26-31—125th Annual Meeting 


of the American Association for the 
Advancement of Science, Washing- 
ton, D. C. 


Jan. 12-14—5th National Sympo- 
sium on Reliability and Quality 
Control, sponsored by the American 
Society for Quality Control, IRE, 
AIEE, and EIA, Bellevue-Stratford 
Hotel, Philadelphia, Pa. 


Jan. 26-29—65th Annual Meeting 
of the American Society of Heating 
and Air-Conditioning Engineers, and 
the 14th International Heating and 
Air-Conditioning Exposition, Phila- 
delphia, Pa. 





let Hotel, is sponsored by the IRE, 
the AIEE and the Instrument Society 
of America through their joint execu- 
tive committee on medicine and biology. 

The theme for this year will be 
“Biology and Computers.” This theme 
is of special current interest because 
of the new avenues of research and 
development in medicine and biology 
which have been opened up through 
the availability of electronic computers 
and computer techniques. 


George J. Taylor Elected President of 
Illuminating Engineering Society 


George J. Taylor, vice president of 
Day-Brite Lighting Inc., will be presi- 
dent of the Illuminating Engineering 
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Society for a one-year term beginning 
October 1, 1958. 

Mr. Taylor was elected to succeed 
Kirk M. Reid, senior illuminating 
engineer of the General Electric Co.. 
Cleveland, in a mail ballot of the 9000- 
member organization composed of U.S. 
and Canadian lighting engineers, de- 
signers and related lighting specialists. 


SMPTE Forms Video Tape Recording 
Engineering Committee 


In answer to the rising need for stand- 
ardization of video tape recording 
practices in the television industries, 
the Society of Motion Picture and 
Television Engineers recently formed a 
Video Tape Recording Engineering 
Committee. 


The official scope of the committee 
will be “to propose standards and good 
engineering practices for the construc- 
tion, operation and measurement of 
video tape recording and reproducing 
equipment, and for those video tape or 
other characteristics which affect per- 
formance and interchangeability.” 

The committee will be composed of 
engineers experienced in the areas of 
tape manufacturing, equipment manu- 
facturing and broadcasting. It will also 
have liaison with other organizations 
in the television and related fields. 


WCEMA Publishes 1958 Directory 


The West Coast Electronic Manufac- 
turers Assn. recently published its 1958 
directory, a 70-page booklet which in- 


ELECTRICAL MANUFACTURING 





When you buy Motor Starters —— 


YOU PAY FOR OVERLOAD PROTECTION 


Only ONE-PIECE Overload Relays give 
100% Protection - Only with ONE-PIECE con- 
struction can you know you've installed the 
heater correctly. Only with ONE-PIECE con- 
struction can you know the heater is exactly 
centered, or properly positioned, so that it 
performs according to its rating. Only with 
ONE-PIECE construction can you know your 
motors have full protection. 


Only Square D has ONE-PIECE Construc- 
tion - ONE-PIECE construction eliminates any 
possibility of heater misalignment. Square D 
melting alloy thermal overload relays can be 
installed only one way. They are tamper- 
proof. They are factory-assembled, are in- 
dividually calibrated and tested. Repeated 
tripping will not affect accuracy. 
Insist on 
Square D melting alloy 
thermal overload relays 
Write tor Bulletin SM-275 for the 
complete story on Square D starters 
with ONE-PIECE thermal overload 
relays. Address Square D Company, 


4041 N. Richards St., Milwaukee 12, 
Wisconsin. 


1-PIECE CONSTRUCTION 


Heat-responsive Heat-producing individual factory inspection of every Square D 
element (solderpot)pro- element is an integral part melting alloy thermal overload relay means perform- 
vides accurate response to of overload unit. It's perma- ance you can trust. Each unit is calibrated and thoroughly 
overload, yet prevents nui- nently joined to solder pot, tested to make sure it will perform according to its rating. 
sance tripping. can’t become misaligned. 


EC&M neavy inpustry ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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In 1958, 60% of all 
=) (Youd melalrom-celelieleil(-sh am ail| 


be TRANSISTORIZED! 


You can’t stay in business 


without an instrument like THIS! 


™, PRECISION 960 


TRANSISTOR and Crystal Diode TESTER 


The new Model 960 has been specifically engineered by PRECISION to be 
the answer to industrial and service-maintenance requirements for a reliable, 
comprehensive, portable transistor tester at a sensible price. 


Designed in accordance with the recommendations of leading transistor manu- 
facturers, the 960 is the only semiconductor tester in its price class which gives 
you comprehensive tests for Ippo, gain, leakage, shorts, etc., on low, medium 
and high-power transistors of both the p-n-p and n-p-n types, as well as the 


new tetrode transistors. 


oF 


Comprehensive! Complete! Self-contained! $ 8 & 00 


ert No batteries used or required! ... and only 


AZ 


MODEL 960 SPECIFICATIONS: 


p> DIRECT Iceo READINGS in terms of true collector 
current, on wide-angle 51/2”, 100 microampere 
sensitivity PACE meter. 

p> FIVE Iceo RANGES cover all types of transistors 
— low, medium and high power. 

p> WIDE RANGE OF COLLECTOR POTENTIALS: 
.5 volts DC to 100 volts DC—17 selected steps. 


p> DIRECT-READING GAIN RANGES: 
Employs five separate injection currents for low, 
medium and high power types. 


MODEL 960: in portable, well-constructed, covered 


carrying case with » rt 


p> LEAKAGE: Reliable check of emitter collector leak- 
age current provides basis for accurate gain tests. 

p> CRYSTAL DIODE TESTS: 17 selected DC voltages 
for reverse current tests. Also provides separa- 
rate forward tests. 

p> ALL TRANSISTOR TEST SETTINGS listed on high 
speed roller chart. 

pb PATCHCORD ELEMENT SELECTOR SYSTEM pro- 
vides for accommodation of future semiconduc- 
tor releases. 


*CALDWELL-CLEMENTS 


" 





etched, satin-finished, 3 color aluminum panel. 


Case Dimensions: 18” x 104" x 6%". 


PRECISION Appeoratus Company, inc. 


PRECISION 


TES) COUIPmENT 


5 70-31 84th Street, Glendale 27, Long Island, New York Siaradard of Arouracy 


Export: Morhan Exporting Corp., 458 Broodwoy, New York 13, N.Y., U.S.A. 
Canada: Atlos Redio Corp., itd., 50 Wingold Ave., Toronto 10, Ontario 


Write for new descriptive cotalog—it’s packed with useful information! 


> 
73 te 
ETER oF PRE 


Mr. Yaeger at this address: 


cludes a listing of 264 WCEMA member 
firms in 1] states and a 
statistical summary of the area’s elec- 
tronics industry. 

Member firm listings in the directory 
include principal company personnel, 
plant locations and product lines. In 
addition to the manufacturers’ index, 
the directory includes an alphabetical 
index to products by manufacturer. 

The association maintains its head- 
quarters office in Los Angeles (1435 
S. LaCienega Blvd.), and a_ branch 
office in San Mateo (60 W. 41st St.). 


western 


Medaris, Quarles, Ramo To Speak At 
National Electronics Conference 


Three distinguished leaders—one from 
the military, one from government, and 
one from private industry—will speak 
at luncheons during the 14th Annual 
National Electronics Conference at the 
Hotel Sherman, Chicago, on October 
13, 14 and 15. 

They are: Gen. John B. Medaris, 
commanding general, U.S. Army Ord- 
nance Missile Command, Redstone 
Arsenal in Alabama, who will speak 
on Monday, Oct. 13; Donald B. 
Quarles, Deputy Secretary of Defense 
for the United States, who will address 
an NEC luncheon on Tuesday; and 
Dr. Simon Ramo, vice president of 
Ramo-Wooldridge Corp. in California, 


| who will speak on Wednesday. 


NEC’s program includes over 100 
technical papers, as well as panel and 


tutorial discussions. 


Papers Requested For 1959 Meeting of 
Institute of Environmental Engineers 
Raymond G. Yaeger of Chrysler Corp. 
Missile Div., program chairman for 
the 1959 Annual Meeting of the IEE, 
has issued a public request for papers 
and is interested in proposals covering 
every aspect of environmental simula- 
tion and testing. 

Prospective speakers should contact 
Raymond 
G. Yaeger, Chrysler Corp., Missile Div., 
P.O. Box 2628, Detroit 31, Mich. 


“Plastics For Profit’’ Theme of Plastics 
Industry’s Annual Conference 

The theme of “Plastics For Profits,” 
which will be featured at the Eighth 
National Plastics Exposition in Chicago 
November 17-21, will also be stressed 
in the program of the 1958 Annual 
National Conference of The Society of 
the Plastics Industry, Inc. The Confer- 
ence, during Plastics Exposition Week, 
will also emphasize the industry’s 
broad contributions to both quality and 
cost-savings in a wide variety of man- 
ufacturing industries. 

Topics for the conference will include 
talks and panel discussions by gov- 
ernment officials and by management, 
engineering, production and marketing 


& Avoilable and on display at al! leading electronic ports distributors 
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NORTH RVF ROTARY SWITCH G/VES YOU 


apnea 


For circuit applications requiring up to 
30 points per level, the switch is provided 
in 2, 4 or 6 levels with single rotor. For 
circuit applications requiring up to 12 
levels with 15 points per level, the switch 
is furnished with a dual rotor. Bank con- 
tact ratings: 1 amp at rest; .2 amp. resis- 
tive when stepping. Off normal contact 
ratings .4 amp. resistive. Switch may be 
driven self-stepping or externally. Gold 
plated bank contacts and wipers are avail- 
able for low level switching. Available with 
12, 24, 48, 110 V. D.C. coils. Built-in spark 
suppression on 24 and 48 volt switches. 
Mounting dimensions: 1.968”x3.661” O.C. 
Overall height: 434” height above mount- 
ing, 344” (max. dimensions for 6 level 
switch). Weight: 1.32 lbs. 
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30 INPUTS AND 30 OUTPUTS PER LEVEL give you a flexibility in 
circuit approach unmatched by any other stepping switch! 

For application to programming, sequence control, routining, 
impulse counting, tallying, or as a memory device, the 
completely dust enclosed North RVF Switch is the most versatile, 
flexible, reliable Stepping Switch on the market! 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY Gio 


8510 SOUTH MARKET STREET © GALION, OHIO Gy 
Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 


experts in major segments of plastics- 
producing and plastics-using industries. 


Insulation Coordination Committee 

Set Up By ASA 

The formation of two new committees 
American 
Standards in electrical field is now un- 
der way by the American Standards As- 
sociation. ASA Sectional Committee 
C92, on Insulation Coordination, will be 
sponsored jointly by AIEE and NEMA. 
ASA Sectional Committee C93, spon- 
sored by the same two organizations, 
will be concerned with coupling capa- 
citors, coupling capacitor potential de- 


for the development of 


vices, and line traps. 
The scope of Sectional Committee 
C92 has tentatively been approved as 


follows: 
motors while operated from the 


regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 


1. To study problems of coordina- 
tion of insulation strengths of the 
different types of apparatus used in 
trolled stepless variation to sup- electrical systems. 
ply motor armature power. 2. To develop coordinated minimum 
Patented feedback, or “Servo” values for the external dielectric re- 
circuits provide constant torque quirements of outdoor apparatus for 
capability over wide speed ranges power transmission and _ distribution. 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


3. To compile data to prepare guid- 
ing principles for use of Sectional 
Committees with respect to require- 
ments for insulation strengths of var- 


ccd DIV. of ELECTRO DEVICES, Inc ious types of apparatus. 
4 Godwin Ave Paterson. N. J 1. To assure the coordination of 


American and international standards. 
Circle 274 on page 17 ; : The scope of Sectional Committee 

C93 has tentatively been approved as 
“Standards, specifications, 
methods of test, and definitions for 
coupling capacitors, coupling capacitor 
potential devices, and line traps for 


follows: 


> NYLON PARTS 


— “ss : electric power lines.” 
frorm In accordance with the procedures 
of the American Standards Association, 


any group or organization substantially 
concerned with the scope of a stand- 


* ards project may be represented on 
Economically mass pro- 

duced on fully automatic, 
patented machines, 

GRC nylon parts are available 
from stock in many sizes 
and types. GRC uses sin- 
gle cavity techniques, 

molds in one automatic 
cycle, gets accurate, uniform 
ports, ready for 

immediate use. 

These advantages, these 
economies, apply too on 
tiny made-to-order parts to 
your specifications . . . in 
quantities of 25,000 to many 
millions. Write for bulletin 
describing GRC’s unique 
methods for injection 
molding small plastic parts 
or send prints for 

quotation. Ask about 

our zinc alloy die 

rastings, too! 

Maximum size: 

1%” long, .- 


03 oz. 

NO SIZE TOO SMALL 
Write, wire, 
phone NOW 
for GRC’s 
new catalog 
of Die Cast 
and Molded 
Fasteners. 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 
149 Beechwood Avenue, New Rochelle, N. Y. « NEw Rochelle 3-8600 


the sectional committee concerned 
with the development of a standard. 


Magnesium [ndustry to Hold 
First Detroit Convention 


For the first time, Detroit will be the 
scene of the Magnesium Assn.’s annual 
convention. The 
teenth yearly meeting will be held at 
the Fort Shelby Hotel October 16 and 
17 with the theme “Magnesium Looks 
Ahead.” 

Each convention day will be divided 
into a morning and an afternoon ses- 


Association’s four- 


GRC MOLDED NYLON 
SCREW INSULATORS 


These insulators and bushings are designed with wide 
flanges—larger than the head size of all standard 
commercial screws—so that they will completely 
isolate the screw from its mounting surface. Molded 
of nylon they have a low dielectric constant, 

relatively high dielectric strength .. . resist high 
voltages at commercial frequencies . . . are 
particularly suited for screw insulator applications, 
where high tensile and torque requirements call for 
non-insulating screws. Naturally elastic and resilient, 
they can also be used as 

light-load bearings. Avail- 

able from stock in '/4” and 

3%” lengths for use with e. 


screw sizes #4 thru '/4”. 


INSULATORS 
& BUSHINGS 


sion devoted to discussions and tech- 
nical papers on manufacturing meth- 
ods, numerous application studies and 
the economic advantages of using mag- 
nesium. Interested individuals may at- 
tend these merely by registering at the 
meeting or by sending an advance reg- 
istration form to the Magnesium Asso- 
ciation at 122 E. 42 St., New York 17, 
N.Y. There is no charge for either 
method of registration. 
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Don’t just take your metals for granted—specify the 


properties you need. The Man from Anaconda may 





come up with some very interesting answers. 


Up where TV broadcast antennas stand, 
normal wind causes flexing of metals. So 
jumpers between coaxial cables and ra- 
diators must be resilient — beside being 
conductors, giving some structural sup- 
port. Ordinary phosphor bronze seemed 
adequate, but there were fatigue failures. 


RCA listed desirable properties of phos- 
phor bronze — added extra-high endur- 
ance, extra-long fatigue life. American 
Brass suggested Duraflex®, Anaconda 
superfine-grain phosphor bronze. RCA 
tried it, found it the answer—at no extra 
cost—specified Duraflex to the manufac- 
turer, Dielectric Products Engineering 
Co., Inc., Raymond, Maine. 


To stimulate sales of its top-quality fold- 
ing rule, and to meet Navy specifications, 
Eagle Rule Mfg. Corporation sought a 
metal for rule joints that would resist 
wear and corrosion, and provide the 
proper spring tension. Phosphor bronze, 
which had these qualities in excess of 
needs, cost too much. 


4 


Technical Oil Tool Corp. asked Anacon- 
da to help select the metal for a new 
magazine-type clip used to close surgical 
incisions. The metal had to provide the 
right tension to hold edges together, yet 
open easily—form readily, hold sharp 
die-cut edges, be proved in surgical use. 


TARTING with 93 standard alloys, The American Brass Com- 
pany can make minor variations in composition, fabrication, 
and annealing to provide an almost unlimited number of combina- 
tions of useful properties. When new or unusual problems arise, ask 
for the help of the Technical Dept. in selecting the right metal. For 


such help or a copy of Publication B-32, “Anaconda Copper & 
Copper Alloys,” write: The American Brass Company, Waterbury 


20, Conn. In Canada: Anaconda American Brass Ltd., New To- 


ronto, Ontario, Canada. 


OCTOBER 1958 


American Brass suggested three alloys. 
Eagle Rule chose Ambronze-420 (88 
Cu, 11 Zn, 1 Sn) because rule joints of 
this alloy met all requirements, with- 
stood 400,000 cycles in wear test (Navy 
required 7000). It cost only pennies per 
pound more than yellow brass, much 
less than phosphor bronze. 


American Brass technical specialists sug- 
gested Nickel Silver, 18%-719 as best 
suited to meet all requirements. Auto- 
clip, shown in use above, is the result. 
Incisions are held together with least 
damage to tissues. Surgeons can work 
faster in applying and removing clips. 


COPPER e BRASS e BRONZE e NICKEL SILVER 


MILL PRODUCTS 


Made by The American Brass Company 


5850 


Circle 276 on page 17 





New Designs 
in Motors from 


Men in Industry 





TYPE R-29 MOTOR 
2%" Diameter 


This motor is an ideal power source 
for recording instruments, timers, 


medical instruments, office equip- 
ment, blowers, tape recorders, com- 
munications equipment, etc. It is rn 


available in both 2-pole and 4-pole 
design, each in three stacking lengths. John A. Rhoads, 20-year veteran with 
Type R-29 is a permanent split broad experience in electronics design 
capacitor type available as an in- and development and engineering man- 
duction or synchronous motor. H.P. agement, has joined Packard-Bell Elec- 
Many Standord of various models ranges from 1/75 tronics Corp., Los Angeles, Calif., as 
Mountings Z t ] 30 C t ti n f t ' 1i A f _ foe ° | T th ° 
PREP ° . onstruction teatures are director of engineering in the lechni- 
indicated below. cal Products Div. He has been chief 
engineer of Air Associates, Inc.; as- 
sistant chief engineer of Bendix Avia- 
Cioss "A" Insulation for tion Corp.; director of engineering at 
ebay Pinex: - ends SietettiliMecs: eo etensena Hoffman Electronics Corp.; and divi- 
. an 4 “s 4 

Windings. +000 Da ggaaieaad sion manager at Hycon Electronics. 

pplications. + ri - a . 
Prior to joining Packard-Bell he was 

True Air Circulo- Rugged, Precision- associated with Collins Radio Corp. in 

tion System for | Machined Die-Cast ~_ 2s 

iiechauin ‘Bleed Sail Gans $0r Meee, Burbank, Calif. 

Dissipation. a Base, Sub-Base, Resil- 

ient or Stud Mounting. 

Guy K. Patterson has been appointed 
chief engineer of Sierra Electronic 
Corp., Menlo Park, Calif., a subsidiary 
of Phileo Corp. Mr. Patterson will 
direct Sierra’s engineering and labora- 


Ample Width Fiat. 


tory programs, including product devel- 
opment. 


Pre-loaded 


Beorings. Husky, Sealed and 


Shielded Ball Bearings. 
Special Bearing Locking 
Fan Blades Integrolly Aluminum Die Plate Reduces End Play 
Die-Cast with Rotor. Cast Rotor to that of the Bearing 
Dynamically only, (Available on Ample Clearance for Coil 
Balanced. Special Order). End Wire. 


For more information, write, Sales — Service Representatives in Principal 


or use Readers’ Service Card. Cities throughout the World Joseph L. Behr has been appointed 


chief engineer of the Electric Products 


HOLTZER-CABOT MOTOR DIVISION Div. of Vickers, Inc., St. Louis, Mo. 


Mr. Behr joined the company in 1949 


N AT | 0 N A L p N E U M A T | C [ 0 os | N C 4 and later spent two years with Bogue 


Electric Co. He returned to Vickers 
125 Amory Street, Boston, Massachusetts | as servo section head in the military 
| engineering branch, and served as 
manager of military engineering be- 
electric and electronic equipment and systems fore his appointment as chief engineer. 


Designers and manufacturers of mechanical, pneumatic, hydraulic, 
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ALLORY 


...the Complete Line of Batteries 





for All Applications 


Mercury Batteries... 


Mallory pioneered and developed the mercury battery—now 
makes a complete line of single and multiple cell units for all 
major requirements. Electrically, the mercury battery is 
ideally suited to transistorized circuitry . . . mechanically, the 
mercury battery provides the smallest power unit for mini- 
ature and portable equipment of all types. 


Zinc-Carbon Batteries... 


Mallory makes a complete line of zinc-carbon batteries that 
serve most requirements of portable radios, instruments, 
flashlights, photoflash equipment, and special services. Avail- 
able in “‘A’’, ‘‘B’’ and packs, these Mallory Batteries give 
dependable service wherever they’re used. 


Solidion® Batteries... 


One of several more recent Mallory developments is the new 
solid-state ‘“‘Solidion’’ battery. Having an indicated life of 
15 years or more, this is a truly dry battery, with no liquid 
electrolyte whatever. A 50-volt stack occupies less than 0.2 
cubic inches—weighs less than 0.3 ounce. Voltage is stable 
even at extreme temperatures. 


Long-Life Chargeable Cell... 


Developed by Naval Ordnance Laboratory, and now avail- 
able from Mallory in limited production quantities, is a new 
lead oxide silver cell with unique properties. It is manufac- 
tured as an inactive cell and charged when ready for use. It 
can be stored indefinitely in the inactive state at any tem- 
perature likely to be encountered. Service life is exceptionally 
long. Voltage discharge is constant over a wide range of 
temperatures and discharge rates. 

Look to Mallory for all your battery requirements—and look 
to Mallory Batteries for most dependable service in any 
equipment. Write to us today for technical data and consul- 
tation on your specific applications. 


MALLORY BATTERY COMPANY - CLEVELAND, OHIO 


In Canada, Mallory Battery Company of Canada, Limited, Toronto 4, Ontario “— + 
a division of 





Parts distributors in all major cities stock Mallory 
standard components for your convenience. P.R. MALLORY & CO. inc 


Serving Industry with These Products: A L 4 O R 


Electromechanical — Resistors @ Switches ¢ Tuning Devices @ Vibrators 
Electrochemical — Capacitors ¢ Mercury and Zinc-Carbon Batteries 3 . 
Metallurgical — Contacts ¢ Special Metals e Welding Materials MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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THERE THEY GO! 


ANOTHER ORDER 
FOR 


TOLEDO 


COMMUTATORS 
AND COLLECTOR 
RINGS 


OW THE 
way! 
— 


You get fast action on 
your order becouse we 
know we con save you 

money by delivering quality 
commutators ond collector rings 

in o hurry! Our extensive 

tooling facilities enable us to 

turn out special orders, samples or 
repoir jobs promptly. Only the 
finest materials go into our 
products . . . quality controlled and 
inspected to insure uniform 
perfection in each commutator and 
collector ring . . . no matter 


how many you order 


For quality commutators 
ond collector rings . 

for quick delivery 

call Toledo 

Commutator Co 





Write today for 
Catalog #65. 


toledo 2 


commutator Co. 


Owosso fl Michigan 
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Alwin B. Newton has been named 
director of engineering of York Div. of 
Borg-Warner Corp., York, Pa. Mr. 
Newton will be responsible for all re- 
search and product development. He 
has 160 patents related to the air con- 
ditioning and refrigeration industry. 


John F. Murray has been appointed 
chief product engineer for Pesco Prod- 
ucts Div. and Wooster Div., Borg-Warn- 
er Corp.. Bedford, Ohio. Formerly man- 
ager of product engineering at Pesco 
Products, Mr. Murray’s duties are ex- 
panded to include coordinating all 
engineering activities for research and 
development, product engineering and 
production. 


Frank Herron and Floyd E. Kelley 
have been promoted by Temco Aircraft 
Corp... Dallas, Texas, in connection 
with planned expansion of the com- 
pany s computing and data processing 
program. Mr. Herron was named de- 
partment head of Scientific Program- 
ming and Analysis. Mr. Kelley was 
promoted to department head of Digital 
Computing. 


A. C. Ducati has been named vice 
president in charge of development 
engineering for Giannini Plasmadyne 
Corp., Santa Ana, Calif., a firm which 
specializes in high temperature plasma 
processes. Mr. known 
throughout Europe and South America 


Ducati is 


for his leadership of Ducati Industries, 
manufacturers of electronic equipment. 
He will be in charge of developing 
plasma technology for industrial and 
scientific use. 


John B. Olson has been appointed 
chief engineer of Computer Measure- 
ments Corp., No. Hollywood, Calif. 
Prior to joining CMC, Mr. Olson was 
manager of engineering services for 
Berkeley Div. of Beckman Instruments, 
Inc. 


W. A. Rote, formerly chief engineer, 
assumes the responsibilities of director 
of engineering of Minneapolis-Honey- 
well’s Boston Div., heading research 
and development, pre-production, prod- 
uct and special engineering activities. 


“JIC” Wireways 
and Fittings 


A 
=~ 


“JIC” Enclosed 
Wiring Troughs 


to figure on 


KEYSTONE 


JIC Wiring Equipment 


Keystone now offers a complete new 
line of standard J|C wiring equipment 
stocked for immediate delivery —plus 
facilities for producing custom en- 
closures to your specifications. 

Send for catalog today! 


KEYSTONE MFG. CO. 


774 23358 Sherwood Road 
Warren, Michigan 


“JIC” Terminal and 
Pull Box Enclosures 





NEMA Type 12 — “JIC” 
Control Panel Enclosures 
e 


Oil-Tight 
Pushbutton 
Enclosures 


Special Custom Enclosures 
built to your specifications 
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TRADE MARK 





jationar brushes cured this balky 


power shovel...and helped 14 other mines! 





Constant brush trouble on a power 
shovel led this mining company to 
call in “National” Carbon Brush Man 
M. B. Inman. His recommendation 
paid off so promptly he was asked 
to check recurring exhaust fan trou- 
ble at another company-mine. 
M. B. INMAN Here Burt recommended brushes 
that could ride the fans’ high speed commutators with- 
out burning. Next, the company asked Inman to survey 


National’, "'N” and Shield Device, and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


all of its brush-using equipment. RESULT: a plan that 
simplified ordering, insured good performance and re- 
duced inventories by stopping duplicate ordering. 

The “National” Brush Data Survey idea soon spread 
to every company-mine in the state... then to all mines 
in the neighboring state—15 mines in all. This is typical 
of the service provided by your “National” Brush Man. 
Call him today, or write National Carbon Company, 
Division of Union Carbide Corporation, 30 East 42nd 
Street, New York 17, New York. 


Si Site) *) 
fey Ni iziie) = 


NATIONAL CARBON COMPANY - Division of Union Carbide Corporation « 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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SHOWN FIVE TIMES 
ACTUAL SIZE 


THE 
SIGNAL CORPS 
SAID “NO”... 


till Miller said “Phosphor Bronze”’! 


This flea-like component for an electronic tube socket 
was all that stood between the manufacturer and a 
good-sized contract. Before acceptance, however, the 
part had to undergo a rigorous manual test prescribed 
by the Army Signal Corps, and none of the metals 
tried by the manufacturer would measure up! 


Miller technical people went to work to find the answer, 
and in short order they developed a specially-treated 
phosphor bronze alloy that enabled the manufacturer 
to pass the test with flying colors! It combined rigidly 
controlled grain size, elongation in excess of 10% and 
still retained a remarkable tensile strength of 100,000 
pounds per square inch! 


Miller quality phosphor: bronze, coupled with expert 
personal attention, helped save this order. And per- 
haps we may soon have the opportunity to perform a 
like service for you. 


ROLLING MILL DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 


..- WHERE PHOSPHOR BRONZE !S THE MAIN LINE—NOT A SIDELINE 
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Company Briefs 





The Carlson Company, Oceanside. 
N. Y., has purchased the entire Reich- 
erter Elasticometer Spring Tester in- 
ventory from the Testing Equipment Co., 
New York. N. Y.. and will act as 
exclusive sales representatives in the 
United States and Canada for these 
testers 


The epoxy resin formulating busi- 
ness of Minneapolis-Honeywell Regula- 
tor Co. was recently assumed by Min- 
nesota Mining and Manufacturing Co., 
St. Paul. Minn. The 3M company will 
supply the various formulations of 
potting, casting, bonding. foaming and 
tooling resins formerly available from 
Minneapolis-Honey well 


\ new independent operating divi- 
sion, the Government Services Div., has 
been established by Raytheon Manufac- 
turing Co., Waltham, Mass. It will 
furnish field engineering. installation 
and operation, repair and overhaul, 
training and_ technical publications 
services to the firm’s government cus- 
tomers. Manager of the division is 
Orville L. Dewev. 


Ling Electronics, Inc., of Culver City, 
Calif., and Dallas. Tex.. has acquired 
all of the common stock of the Cali- 
dyne Co., Inc., of Winchester, Mass. 
Both companies are manufacturers in 
the field of electronically driven vibra- 
tion testing systems. These systems 
are used principally for pre-flight test- 
ing of components and parts for air- 
craft and missiles. 


Expansion of the ferrite development 
and manufacturing program of the Air- 
tron, Inc. division of Litton Industries, 
Beverly— Hills, Calif... was begun re- 
cently as first sections of this activity 
moved into a new 100,000 sq ft plant 
in Morris Plains, N. J. Both the ferrite 
manufacturing portion of Airtron’s 
Linden, N. J., facility and its develop- 
ment group from Cambridge, Mass., 
laboratories began the move. 


Lovejoy Flexible Coupling Co., Chicago, 
Ill., has acquired controlling interest 
in Hi-Lo Manufacturing Co., formerly 
Equipment Engineering Co. of Minne- 
apolis, Minn., to become one of the 
largest manufacturers of variable speed 
pulleys. 


Recent dedication of the Freedlander 
Research and Development Laboratories 


at Hawthorne, Calif. marks the latest 
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Fabricated by CDF. Near the presses that produced the Dilecto 
laminates, these paper-base parts were machined to close tolerances 
by CDF specialists . quickly, accurately, economically for the 
purchasers This is a random selection from the five grades 
described in the table below 


CDF Dilecto’ 
paper-base laminates 
for the workhorse 
insulation jobs 


For everyday mechanical-electrical parts that receive 
tough punishment and must have excellent physical 
and dielectric properties at low cost, the CDF phenolic 
paper-base line is outstanding. 


Economy. CDF paper-base grades machine readily into 
intricate parts. Some are flame-retardant. Others are 
especially adaptable for punching. All are economical 
for the value delivered. 


Fabrication Facilities. CDF has excellent and extensive 
plastics-fabrication facilities for turning out finished 
Dilecto parts to your specifications—better and more 
economically than you can do it yourself. Save the time 
and trouble of intricate fabrication by using CDF’s 
specialized facilities. 


See Sweet’s, Electronics Buyers’ Guide, and the other 
directories for the phone number of the CDF sales 
engineer nearest you. Or send us your print or problem 
direct, and we’ll return a recommendation of the right 
Dilecto grade for your need. 

CDF makes Di-Clad* printed-circuit laminates, Diamond® Vulcanized 
Fibre, CDF products of Tefiont, flexible insulating tapes, Dilecto* lami 


nated plastics, Celoron* molded products, Micabond* mica products, 
Spiral Tubing, Vulcoid*. 


“Trademark of Continental-Diamond Fibre Corporation 
+Du Pont trademark for its TFE-fluorocarbon resin 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Burtt - COMPANY + NEWARK 13, DEL. 





Typical Property Values—Dilecto Paper-Base Laminates in Sheet Form 





X-13 
NEMA X 


ROCKWELL HARDNESS (M SCALE) 100 
TENSILE STRENGTH Iw (1000 psi.) 

FLEXURAL STRENGTH Iw (1000 psi.) 

COMPRESSIVE STRENGTH (1000 psi.) 

in 24 hrs.) 


WATER ABSORPTION ( 
1/16” thickness 


MAXIMUM CONTINUOUS OPERATING 
TEMPERATURE (°C.) 


DIELECTRIC 
lam. (VPM) 


STRENGTH perp. to 

DIELECTRIC STRENGTH parallel to 50 
am. (Kv.) 

DISSIPATION FACTOR at 1 mc, Cond. A 0.042 

DIELECTRIC CONSTANT at 1 me, Cond. A 

ARC-RESISTANCE (seconds) 


INSULATION RESISTANCE (megohms) 
3 


ASTM D.-257, Fig. 


AIEE insulation class 





XX-13 FR 
(Fire-retardant) 
(NEMA XX) 


XX-13 
NEMA XX) 


XP-13 
NEMA P 


XXXP-28 
(NEMA XXXP 


110 


120 


6530 


60 


0.034 

4.7 

4 
600,000 


1,000 ,000 
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7or HEAVY DUTY WORK! 


Severest Electrical 





Services 


JONES 
een. AQUI TE (aks 


500 SERIES 
Proven Quality! 


For 5,000 Volts, 25 Amperes per Contact Alterable by 
; Circuit Characteristics. 


$-506-DB 
Secket with deep Bracket 


Socket contacts of phosphor bronze, knife-switch type, cadmium plated. Plug contacts hard brass, 
cadmium plated. Made in 2, 4, 6, 8, 10, and 12 contacts. Plugs and sockets polarized. Long leakage 
path from terminal, and terminal to ground. Caps and brackets, steel parkerized (rust-proofed). 
Plug and socket blocks interchangeable in caps and brackets. Terminal connections most accessible. 
Cap insulated with canvas bakelite. 


Write for Jones BULLETIN 22 for full details on line 


HOWARD B. JONES DIVISION 


CINCH MANUFACTURING CORPORATION 
PHICAG 0.24 1LLIN LS 
SUBSIDIARY OF UNITED-CARR FASTENER CORP. 
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GATE-FOLD INSERT 
SPEEDS INQUIRY CHECKING! 








i 
mn Es] 


i 
i 

















H ere’s a practical way to use the ELEcrrical 
MANUFACTURING Reader Inquiry post cards on 
pages 17-20. Simply pull out the folded insert 
so that the numbered post cards overhang the 
left side of magazine. Keep the insert spread 
out as you page through the issue. Circle the 
items you want as you go along. Try it! You'll 
find it a real time-saver . . . also can serve 
as a handy book-mark. 


of a series of expansions by The Dayton 
Rubber Co., Dayton, Ohio in plastic 
foams, adhesives and foam rubber 


fields. 


Wayne Kerr Co., Ltd., Chessington, 
Surrey. England, British designer and 
manufacturer of instruments for the 
electronic. chemical and related in- 
dustries, has organized Wayne Kerr 
Corp., 2920 N. Fourth St., Philadel- 
phia, to handle distribution, sales and 
service of its products in the United 
States. Boyce Adams, formerly with 
the Instrument Division of Robertshaw- 
Fulton Controls Co., will head the new 
American subsidiary. 


Emerson Radio and Phonograph Corp. 
and Allen B. Du Mont Laboratories, Inc., 
have entered into an agreement pro- 
viding for the purchase by Emerson of 
the consumer products division of the 
Du Mont company, consisting of tele- 
vision receivers, phonographs, and high 
fidelity and stereo instruments together 
with the trade mark “Du Mont” for use 
in connection with home entertainment 
instruments. 


The Andrew M. Martin interests have 
announced acquisition of the Copolymer 
Corp., Los Angeles, Calif. Copolymer 
specializes in the compression molding 
of glass-reinforced polyester shapes for 
all industry, and has recently estab- 
lished a division for filament winding 
of fiberglass parts featuring unusually 
high physical properties. 


Titanium—lIts Properties 
and Design Potentials 


(Continued from page 109) 





as the 10 per cent reinforced com- 
posite does not drop off nearly as 
fast. This is even more evident in 
the composite containing 20 per cent 
fiber. At 100 F the 20 per cent re- 
inforced structure exhibits a strength 
of 40,000 psi, equal to the strength 
of the unreinforced structure at only 
200 F. 

Reinforcement of an __ alloyed 
matrix (Ti-6Al-4V) with 20, 30 and 
40 per cent of fiber was also attempt- 
ed. These high fiber contents were 
selected in order to get a maximum 
increase in strength from a structure 
having a titanium alloy base. At 
1200 F the 30 and 40 per cent com- 
posites have a tensile strength equal 
to the unreinforced alloy at 800 F. 
In all cases the ductility of the com- 
posites was good. 


Though the increased strength of 
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) 
Pui 
for YOu oniginal elednical equip nen 7 ween YOU GET SO 


Every Killark unit offers you these pluses at no plus in cost: exclusive non-rusting MUCH MORE 
and non-corroding Alumalloy construction . . . 60% lighter in weight than iron... Y 
safe and non-sparking . . . clean threads for faster, easier installation . . . and FOR YOUR MONE 
smooth interiors that won't skin wire or hands. 


CONDUIT 


BODIES 
‘‘O”’ SERIES 


FLUSH SWITCH 
~ FITTINGS 
| a Fs” and “FD” 











SPEEDOLETS 











EXPLOSION- 
PROOF 
FITTINGS 





ELECTRIC MANUFACTURING CO. 
Vandeventer and Easton Aves. St. Louis 13, Mo. _ 


~ 
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METAL GRAPHITE CONTACTS 


AND RADIO INTERFERENCE 


NOISE LEVELS... 


Since shielding and filters to reduce radio 
noise caused by sliding contacts are often cum- 
bersome and always costly, it is essential that 
contact materials be used which, in themselves, 
create the least radio noise interference. 

Stackpole Laboratory tests backed by exten- 
sive field experience indicate that Stackpole 
silver graphite operating against silver rings 
give satisfactory results on most sliding con- 
tact applications calling for low radio noise 
levels. Good radio interference reduction re- 
sults are likewise obtained with Stackpole elec- 
trographite grade L31 contacts operating 
against electrographitic rings, as well as against 
silver and gold rings. 

In addition to reducing radio noise inter- 
ference, sliding contacts must also be able to 
operate at high altitudes under high pressure 
conditions in dry, inert atmospheres, with ex- 
cess moisture, and with oil vapor. All of these 
ambients have come within Stackpole experi- 
ence with the resulting development of mate- 
rials which work well under such conditions. 

Give us the contact radio noise reduction 
problem and the chances are excellent that 
Stackpole can recommend materials or testing 
procedures to solve it. 


STACKPOLE CARBON COMPANY, St. Marys, Pa, 


BRUSHES +» CONTACT 


CATHODIC PROTECTION 


RINGS « FRICTION SEGMENTS 


POROUS CARBON and 


custom-engineered 


CONTACTS/BRUSHES 
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fiber-reinforced titanium is important, 
it becomes more significant when 
the strength is related to density. At 
100 F the structure containing 40 
per cent reinforcement had a strength- 
to-density ratio of 5.10 & 105 and 
compared favorably to A286, an iron- 
base alloy having a_ strength-to- 
density ratio of 4.5 x 10°. 

Since oxidation of the reinforcing 
fiber seems to be a cause of low 
stress-rupture strength, several speci- 
mens were dip-coated with 2-S alu- 
minum in an attempt to eliminate, or 
at least minimize, oxidation damage. 
These specimens were stress-rupture 
tested at 1200 F and it was found 
that at 45,000 psi the life was ex- 
tended from 2.5 hr for an uncoated 
specimen to 37.2 hr for a coated 
sample. This supports the viewpoint 
that a major cause of poor stress- 
rupture performance was the oxida- 
tion of the reinforcing fiber. 

The problems inherent in the use 
of molybdenum at temperatures 
above 900 F are also present in 
molybdenum-reinforced composites. 
This is particularly true of edge or 
end protection where the fibers are 
exposed to the atmosphere. Coatings 
may be one answer to the problem, 
but variations in fabrication tech- 
niques so that no fibers are exposed 
is even more promising. Such varia- 
tions are well-suited to powder metal- 
lurgy and are entirely practical for 
producing composites for use up to 
1300 F. 


All-Beta Alloy 

Crucible B-120VCA, an _ all-beta 
titanium alloy, has special properties 
particularly suited to missile and su- 
personic aircraft requirements. It is 
the first high-temperature allotropic 
form of titanium, becoming avai'able 
recently. It provides double the tensile 
strength of alloys available five years 
ago. In addition, its metallurgical 
form, body-centered cubic lattice, 
gives it greater versatility by making 
it easier to fabricate. It has little 
directionality in sheet and strip, low 
scratch sensitivity, no shear cracking 
tendencies, good brazing and welding 
characteristics and a relatively high 
tolerance for hydrogen. Figure 11 
compares this alloy to other alloy 
types. 


Conclusion 
At present, three factors are oper- 
ating to check more rapid acceptance 


ELECTRICAL MANUFACTURING 














oe 





Kelvinator gets big benefits from premix moldings 


moldings are stronger, wall thicknesses more uniform, weak 
spots are eliminated. Small and large, simple and complex, 
premix moldings are not only improving products but cut- 


Premix moldings are making an important contribution to 
performance of Kelvinator refrigerators. 


Strike mounting plates, tie-straps, tubing retainers and lock ting costs for hundreds of manufacturers. 
housings for the Kelvinator are all premix moldings. They ve 


proved tough and resilient . . . excellent shock absorbers. If your product calls for strong, rigid, reinforced plastics, 


look into premix moldings made ,with Dow vinyltoluene or 
Dow styrene. Get the names of molders and suppliers from 
your nearest Dow sales office or write to THE DOW CHEMICAL 
coMPANyY, Midland, Michigan, Plastics Sales Dept 2207J-1. 


And their thermal insulating properties contribute to the 
economical operation of the refrigerator. 


When resins and reinforcing fibers are blended beforehand, 


YOU CAN DEPEND ON 
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6 Taylor-Fabricated Laminated Plastic Insulators 


Protect Control Elements of GE Automatic Toaster 


These insulators for the pop-up 
mechanism, color control unit, and 
heating element in the General Elec- 
tric Automatic Toaster are made of 
continuous filament woven glass 
fabric with melamine resin bond. 
This Taylor Fibre Co. material was 
selected for its ability to withstand 
the temperatures encountered in the 
toasting operation, its excellent arc 
resistance and mechanical strength, 
and its cost, which is lower than that 
of the mica insulators formerly used. 

Another factor in the decision was 
the capacity of Taylor Fibre Co. to 
produce the fabricated parts to spe- 
cification, and in the large quantities 
required, at reasonable cost. 

You, too, may have applications 
which can utilize the combination 
of physical, mechanical and elec- 
trical properties found only in lami- 


LAMINATED PLASTICS 


nated plastics. Our application en- 
gineers will be glad to discuss them 
with you, offer engineering assist- 
ance, and recommend a Taylor grade 
that will fit your specific require- 
ments. Our plants at Norristown, 
Pa., and La Verne, Calif., are both 
fully equipped for fast supply of 
basic materials and finished parts. 
Write us for detailed information or 
to arrange for a Taylor Fibre man 
to call on you. TAYLOR FIBRE Co., 
Norristown 37, Pa. 


ylor 


UWLCANIZED FIBRE 
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of titanium: cost. unavailability of 
on-the-shelf human 
inertia. 


hardware. and 


The importance of the cost factor 
can easily be overstated as a result 
of superficial comparisons. It is true 
enough that the per pound price of 
titanium may be 15 times that of a 
competing metal, but that 
the lower density of titanium. Because 


neglects 


a pound goes nearly twice as far in 
fabrication. the material cost factor 
is reduced to about 8.5. Since fabri- 
cating costs far outweigh material 
costs and will be substantially the 
same for both materials. the finished 
unit price differential will be reduced 
to approximately 3:1. This, then, 
would be a realistic spot to start mak- 
ing comparisons. If the titanium unit 
has but twice the service life of the 
unit made of a less costly material, 
titanium 
titanium is clearly the eco- 


then (even at present 
prices ) 
nomic choice. This is especially true 
when costs of replacement and pro- 
duction time for replacement are 
added. 

Industry experts predict that the 
trend of titanium prices will continue 
downward. Thus the cost argument, 
already weak when subjected to close 
analysis, will grow progressively 
weaker. 

The fact that standard equipment 
items of titanium are often not avail- 
able obviously tends to slow wide 
acceptance of the material. An en- 
gineer who needs a valve now may 
not be sufficiently sold on waiting for 
special orders and fabricating. This 
is a common condition during the 
growing stage of a new product and, 
as fabricators and users become more 
fully aware of the metal’s potential, 
it will gradually be corrected. 

Corrosion-resistant service is a big 
and obvious target. but it need not be 
the only area for titanium growth. In 
any high-speed rotating or recipro- 
cating equipment, the lighter weight 
of moving parts made of titanium 
could materially reduce wear and 
lengthen life. 

It is well to keep in mind in evalu- 
ating titanium’s future that this is 
really an infant industry that grew 
so fast that standards are often ap- 
plied to it that are applicable to more 


fully matured enterprises. ome, 
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adds another refinement to CLARE Springdriven Stepping Switches 


STANDARD AT NO EXTRA COST 


CONSIDER 


what these Superior Features will do for YOU ! 


@ HIGH INSULATION RESISTANCE 


100,000 megohms minimum between switch points 
and between each point and frame. 


@ STABLE INSULATION RESISTANCE 


Maintains 100,000 megohms minimum resistance 
over temperature range from —55°c to +85°c. 


© LOW MOISTURE ABSORPTION 


Maintains low leakage characteristics in humid 
environment. Water absorption: 48 hours at 50°c, 
0.5% (astm Test D570). 


Find out the many other superior qualities of 

CLARE Springdriven Stepping Switches. Call or write: 

C. P. Clare & Co., 3101 Pratt Bluvd., Chicago 45, Illinois. 
In Canada: C. P. Clare Canada Ltd., 2700 Jane Street, 
Toronto 15. Cable Address: CLARELAY. 


Send for CLARE Engineering Bulletin #101 
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@ GOOD ARC RESISTANCE 


Endures arcing from wiper contacts, maintaining 
high resistance to dielectric breakdown. Arc re- 
sistance: 140 seconds (astm Test D495). 


@ MECHANICAL STRENGTH & STABILITY 


High tensile and compression strengths. Holds 
mechanical dimensions throughout age and tem- 
perature variations (vital to retention of stack 
tightness.) Lifetime shrinkage: approximately 
.001 in./in. 


@ MEETS MIL SPECIFICATIONS 


MIL—P—14D (Type MDG) 
MIL—P—4389 (USAF) 


This new Blue Insulation supplied as standard on all CLARE 


Springdriven Stepping Switches as soon as present stocks of 


Bakelite insulators are used up. No extra cost. 


CLARE RELAWS 


FIRST in the industrial field 





GOOD NEWS FOR 
CIRCUIT & SYSTEMS DESIGNERS! 


ELECTRICAL MANUFACTURING’S 


comprehensive 5-article series on 


Boolean Algebra 


now available in 
reprint form! 


An invaluable technique—boolean algebra—for every engi- 
neer who needs to analyze or synthesize switching circuits in 
any medium. 


In this 68-page reprint booklet—just off press—ELECTRICAL 
MANUFACTURING now brings together the complete series of 
tutorial articles by Boris Beizer and Stephen W. Leibholz, 
published in these pages, May through September. 


Here’s a quick run-down on the subjects covered: 


e Language and Laws of Boolean Algebra—Starting at the begin 
ning, the authors examine the basic concepts of boolean algebra as 
a system engineer's tool for understanding and designing electrical, 
mechanical and hydraulic switching systems 


e Analyzing Combinational Circuits by Boolean Matrices and 
Karnaugh Maps—Here the authors deal with procedures for (1) de- 
riving the boolean function of multipath switching and (2) visualiz- 
ing and simplifying the boolean expression for any logical circuit. 

e Analyzing Specifications and Designing Circuits—Advancing a 
step further, the authors tell how to transform a set of requirements 
into synthesis maps for correcting contradictions or ambiguities, 
and how to synthesize the boolean functions of the final circuit from 
the corrected map analyses of the specifications. 


e Circuit Design Using Boolean Matrices and System Synthesis 
Using State Coding—Here the authors examine still other methods 
for achieving circuit simplicity, through use of boolean matrices 
They explain how to draw state diagrams detailing desired switch- 


ing sequences, 


e Designing Sequential Circuits—When a circuit possesses “mem- 
ory,” the techniques of analysis and synthesis used for combinational 
circuits must be augmented. So here the authors deal with the two 
sets of equations that must be derived, one set describing each 
output, the other describing each internal secondary (feedback ) 
control. 


To round out this informative series an appendix has been in- 
cluded dealing with Tabular Reduction Techniques; also a selected 
bibliography containing 106 references to related articles. 


SEND FOR YOUR COPY NOW! 


Engineering Applications of Boolean Algebra is published in an 
attractively bound edition of 68 pages, size 8%” x 11”. Nominally 
priced at $2.00 per copy; $1.80 each on orders for 5 to 25 copies. 
Quantity rates on request. Send remittance with order (adding 
3 percent if for New York city delivery) to ELectricaL MANv- 
FACTURING, 1250 Sixth Ave., New York 20, N. Y. 


contributed necessary technical information 
to make this article possibie: 

Battelle Memorial Institute, C. S. Peet, 
T. S. Shilliday, C. R. Simcoe 

Clevite Research Center, Hans Jaffee, 
R. W. Jech, A. Schwope, E. P. Weber 

Columbia-Southern Chemical Corp. 

Crucible Steel Co. of America, A. G. 
Caterson 
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P. J. Rieppel, F. R. Schwartzberg 

Titanium Metals Corp of America 





Fast Response Marks 
All-Transistor Regulator 


(Continued from page 85) 





voltage E, is applied to the base and 
emitter of the transistor. The com- 
mon emitter configuration is used. 
The input impedance equals 
tr = REG+M+A ach) T 
where re, T, and a,p are the transis- 
tor equivalent circuit parameters. Col- 
lector resistance r,, with respect to ry» 
and r,. is assumed to be very high. 
Transistor collector current gain 
equals 
/ 
ra + Rr I 
Since r, is much greater than R,, 
i, 
kK ae = _ 
Of interest here is the relationship 


A 


between E, and the col'ector current 
I. This is the current flowing out of 
the base of the intermediate amplifier 


stage. 


In the transistor used: 
r 8 ohms eb 10 
» 


r 250 ohms R4 250 ohms. 


adjustable 
re 10.000 ohms kK; 0.044 mhos 
With a 96 mv error, collector cur- 
rent of TN1 will be: 
I E, X K; = 4.22 ma 
Equation (8) indicates the effect 
of R4 as a gain adjusting device. Re- 
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Another significant advance 


in electrical design 





thea 


New J-M Type 3 PR Quinterrabord is engineered specifically for 
efficient Class H (180C) insulation, Type 8 PR for Class B (130C). 


Johns-Manville announces... 


2 new hot-press-cured “board” insulations... 
Type 3 PR and Type 8 PR Quinterrabord * 


These all-new “board” insulations were 
developed as high-efficiency, thermally 
stable dielectric spacers to answer many 
design and cost problems in compact 
equipment. Both are made from com- 
pletely inorganic, 100% purified asbestos 
base sheets formed on special wet process 
cylinder machinery. Sheets are then satu- 
rated with high-grade electrical laminat- 
ing resins, and hot-press-cured for 
maximum physical and electrical values. 
Type 3 PR Quinterrabord is treated 
with a silicone resin which makes it an 
ideal dielectric spacer for Class H (180C) 
equipment. Type 8 PR Quinferrabord 
with phenolic resin content, is designed 
for efficient Class B (130C) operation. 


The new Quinterrabords are engineered 
for optimum operation as slot wedges, 
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yoke and barrier 
insulations, and control and structural 
parts—applications where limited space 
and good electrical properties count most. 
They offer 5 distinct improvements: 


separators, spacers, 


1. High mechanical strength. Hot-press- 
cured combination of asbestos and resin pro- 
vides an extremely high mechanical strength 
for today’s fabrication techniques. 


2. Lasting dielectric strength. No ap- 
preciable drop after extensive operation at 
elevated temperatures. 


3. Bonus thermal stability. Both have 
been tested in continuous operation at temper- 
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atures 20 degrees above class standards with 
no significant reduction of properties. 


4. Low water absorption. Type 3 PR 
tested at 1.2% or less after 24-hour immer- 
sion, Type 8 PR at 0.25%. 


5. Easier handling. Delivered in large 
48” x 48” sheets. Available in calipers from 
1/32” to 4". 


For complete specification sheets, and 
samples of both these new low-cost di- 
electric spacers, write Johns-Manville, 
Box 14, New York 16, N. Y. In Canada, 
Port Credit, Ontario. 


JOHNS -MANVILLB 


“@ Jouns-Manvitte 3% 
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sistor R4 also contributes to making 

the gain more linear. 
Intermediate Amplifier. In this, 
the 7N2 transistor input resistance is 
PROBLEM: 3 | T [e194 “s approximately 30 ohms. From tran- 
Miniature precision | Nes i sistor 'N2 collector current char- 
nd resistors i, ¥ oes i : acteristic curves, Fig. 6, it may be 
mum stability : a determined that a change of 4 ma 
emitter current will cause a change 


wirewou 
with maxt 
and minimum 


: wy, ™s of about 300 ma of collector current 
temperature coefficient : : 


when the load resistance R,, is made 





50 ohms and the supply voltage is 
approximately 24 volts d-c. 


a The collector current of 7N2 pro- 
ANSWE R: NEW f \ 3 vides the signal current for TN3. It 
aa Ot Me : is ample to drive the final stage from 
240). 8 O.< ; Tai full “on” to full “off.” Overdrive is 
109 Ob ¥ deliberately designed into the ampli- 
. 8 : . fier to effect field forcing; i.e., pro- 
U \t [ a m | n | a it u i e S ‘ ' oe duce more output than the amount 
pie necessary to correct an error under 
2 transient conditions. Much faster 
response is obtained by so doing, 

leaving a margin for stability. 
Ultronix Ultraminiatures have a temperature coefficient within 15 
parts per million per degree Centigrade. In actual tests conducted 
by Donner Scientific Company, a random selection of Ultronix 
miniature resistors averaged out at 9 ppm, the only resistors tested Prxz = E 


to fall within the often advertised 20 ppm. , 4R1 
where 


Maximum power dissipation of the 


intermediate stage transistor equals 


collector supply voltage 


Ultronix resistors are encapsulated by compression molding in an Rt = load resistance 


alkyd resin whose coefficient of linear thermal expansion matches om ‘ AIO = 
that of the resistance wire without sacrifice of other qualities. Transistor TN2 is rated for 10 
Strain coefficient is completely eliminated insuring maximum sta- watts, so that in the present design 
bility. The TC of each Ultronix resistor is the same as that of the in which 

wire used. Ultronix resistors are available with solder lugs and Pryo = 3.4 watts 

axial, radial, printed circuit, or special leads. Ultronix resistors 5. ee Se EE Ma Ne 
exceed the requirements of MIL-R-93B and MIL-R-9444. a ANS ¢ rye “Npapate ly. : 
Power Stage. The main consid- 


00 20°C 60 120 20 erations in the power stage are gain 





k=9 PPM/'C ion and transistor power dissipation and 
1000 N 





temperature stability. The current 
1001.2 — aie gain is checked by drawing the load 
line on the power transistor char- 








1002 2 ae ee 





acteristic curves, Fig. 7. The maxi- 
Typical resistance vs. temperature curve of Ultronix miniature precision re- _ iecinati » tr = 
sistors. Tests conducted by Donner Scientific Company, Concord, California. —— powel! dissipation of the tran 
sistor determines, to a large extent, 


the maximum power available from 





the regulator. 

THER F _ r 
° EATURES OF ULTRONIX ULTRAMINIATURES Since presently available germa- 
Close Tolerance and Wide Range: 1 ohm to 2 megohms within +.05% a power transistors are limited 


s age applicati * e gen- 
Wide Temperature Range: —65°C to-+125°C, derate 5% for each degree to low \ oltage apl lications, th _ 


increase in ambient temperature above this erator field is designed for 12 volts 
point. or 28 volts d-e. 
Altitude: Unlimited The theoretical maximum power 
Small Size: Ultronix type 102 measures only 1/4” x 1/4” x 9” output possible with a fixed power 
Frequency Characteristics: Standard time constant .2 usec supply is: 
Pues \P; 
where P,, is the maximum power that 
the transistor will dissipate without 
running away or fusing. However, in 
practical applications the supply volt- 
age is not constant and the load re- 
sistance varies due to machine heat- 
ing and variations in ambient tem- 
168 Oi we <0). BD. < 2 | perature. Practical power output may 
be found as follows: 
116 S. Bayshore Boulevard, San Mateo, California © Telephone Diamond 3-4700 At maximum load, low line volt- 











Ultronix makes a complete line of precision wirewound resistors. 
For complete technical information including the new ultramini- 
atures and the name of your nearest Ultronix engineering repre- 
sentative, please address Dept. M10. 
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a LOT of Relay 


ina 
little space 


This latest Automatic Electric achievement com- 
pacts all the features of the famous Class “B” relay 
in minimum space and weight—with no sacrifice of 
quality or ruggedness. 

LOOK AT THE IMPORTANT FEATURES 

THIS NEW CLASS "E" OFFERS: 
e miniaturized; telephone-style base mounting for rear- 
connected wiring « heavy-thickness armature arms 
prevent loss of stroke with large pileups « heavy-duty 
backstop that won't break or wear out « adequate terminal 
clearances for easy wiring e long-life, lubricant-retaining 
bearing arranged to provide a visual check of the hee’- 
piece airline setting without disturbing the adjustment 
e twin contacts standard; all springs bifurcated for maxi- 
mum independence e¢ sturdy, strain-relieved heelpiece 
insures stability of adjustment « 13 springs can be pro- 
vided in certain applications 


Class “‘E"' Relays are available 
in the following series: 
EQA—Quick Acting ESA—Slow Acting 
ESO—Slow Operate EFA—Alternating Current 
ESR—Sliow Release EMS—Snap Action Contacts 


Class ‘‘E"’ Relays can be supplied plug-mounted 
(with or without cover) or hermetically sealed (max 
imum 4 springs per pileup) in enclosure AE-3300 


For more information, call or write Automatic 
Electric Sales Corporation, Northlake, Illinois. Jn 
Canada: Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 


New Class ‘‘E’’ Relay 
measures only 
2%" x 1%" x 1%,” 
minimum (2 springs) to 
17%,” (10 springs) 


99% pure isn’t pure enough —the relay iron we use at Automatic 
Electric must meet specifications of 99.8% purity, including, for 
example, carbon content limit of .02. To obtain highest magnetic 
permeability, material is treated for periods up to 7 hours in roller 
hearth annealing furnaces. Highest standards of quality control insure 
the well-known dependability of AE Relays and Switches. 


AUTOMATIC ELECTRIC 


Northlake, Illinois 


Subsidiary of GENERAL TELEPHONE 
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NYLON KNOW-HOW 
for Cost Cutting 7 
Precision Parts 


For those mechanical and electro-mechanical parts that must be 
strong, durable, wear resistant, design to use Chemiseal Nylon 
(du Pont ZyYTEL). It has the highest compressive strength, is the 
most rigid, has the best resistance to heat, abrasion, chemicals, 
solvents, oils and greases—and is the lowest priced of the standard 
nylon compositions. 


U.S.G. Nylon service goes all the way, offering STOCK (sheets, 
tape, rod, tubing, special shapes), for manufacture of parts in your 
own plant; MACHINING (precision fabrication on high speed 
automatics) to your specifications; and INJECTION MOLDING 
(volume production to close tolerances at lowest cost). 


To be sure you are securing your parts at the lowest cost, consistent 
with your requirement at every stage from prototype to plant scale 
production—check your costs with U.S.G. “‘know-how’’. 
For prompt service, contact one of The Garlock Packing Company’s 30 
sales offices and warehouses throughout the U.S. and Canada, or write 


United States Gasket Company 
Camden 1, New Jersey 


nited 
tates 
asket Plastic Duision of A 


GARLOC HK 
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age and full “on,” the amplifier out- 
put voltage equals 
Vo>s — Vo — V, X 0.05 
where 
voltage available as input to the 
regulator, usually about 0.9 V, 
nominal supply voltage 


saturation voltage drop of trans- 
istor 


transformer and rectifier voltage 
drop 


28 volts d-c, then actual voltage 
available for machine field 
Vey 21.8 volts d- 
Then 
V.y 


2 j 78 per cent 


Available power 


Puy = 4P, x (A ) =24P, 


The highest power transistor avail- 
able is rated at 35 watts dissipation 
with a case temperature of 70 C. 
Available power then becomes P, 

64 watts. 

When maximum power output is 
desired it is necessary to provide suit- 
able means for dissipating the heat 
of the power transistor 7.\V3. One 
way to accomplish this in the present 
application is to mount 7N3 in the 
suction duct of the generator cooling 
air inlet. 

When the maximum required field 
power W is known. the field re- 


sistance 


where R,; is the field resistance at 
high ambient and generator hot. 


Magnetic Amplifier Selection 
by Nomograph 


(Continued from page 80) 


merit of amplifier No. 1276- 
1440. This line intersects Scale 
B at the value of time constant 
(6.6 cycles) required by the 
problem. 

A nomograph is also useful in show- 
ing the operational limits of a partic- 
ular amplifier. The tinted area on the 
nomograph, for instance, defines the 
operational capabilities of Vickers’ 
No. 1276-690 amplifier. The area is 
determined by lines drawn from the 
figure of merit on Scale A to the 
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When specifying aluminum for your product... 


REFRIGERATOR 
PARTS 





CLOCKS 


CABLE WRAP 


Remember... 
Every industry has one member who 
special izes mm customer satisfaction 


All Anaconda Aluminum Coiled Sheet is custom-rolled to your 
exacting specifications. In order after order, uniformity of 
temper is maintained by our precise production control. Mod- 
ern rolling mills with X-ray gauge controls provide you uni- 
form thicknesses and consistent yield per pound. Workability, 
even on deep draws, is assured by control of grain size. On 
narrowest widths, high-speed slitters cut exact widths with 
precision edges. Our line includes gauges from .006” to .064”’; 
widths from ‘s’’ to 54”; alloys: 1100, 1145, 3003, 3004, 5005, 
5050, 5052, 5357. And watch for an expanding line of aluminum 
wrought mill products. 


Anaconda Aluminum Foil is also custom-rolled to the same high 

standards of quality. It is available for a wide range of manu- 

facturing applications in gauges from .00023” to .0059’’, in 

widths to 54’’. Made by Cochran Foil Corporation 
To take advantage of our modern plant flexibility and cus- LOUVRAR, HETyORY 

tom production policy, call our nearest District Sales Office Ae Or ee eee ae 

or contact us direct. Write for the new booklet, ‘Anaconda 

Aluminum Coiled Sheet’’, Dept. E-10, 1430 S. 13th St., Louis- 

ville 10, Kentucky. 
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MORE POWER... 


GREATER EFFICIENCY... 
HIGHER POWER FACTOR: 


BALDOR 


Streamcooled 


MOTORS 
BALTRIC LINE 


For general use or for specific ap- 
plications demanding the most 
exacting requrements, the Baltric 
line of motors more than fills the 
bill. One reason is the ‘“‘Monocast”’ Stator shown above. 


Steel laminations in an aluminum alloy casting form a stator 
frame of greater stability ... greater rigidity. This permits 
the use of a new and better slot design. The result is uniform 
magnetic flux distribution throughout the motor—gives more 
power, greater efficiency, higher power factor and quieter 
operation. 

If you’re interested in getting top efficiency from your equip- 
ment while holding costs to a minimum, investigate the 
Baltric line of motors—without obligation! Just write. . 


ELECTRIC COMPAN Y 


4353 Duncan Avenue os St. Lovis 10, Missouri 


Over 500 Authorized Sales & Service Distributors in U.S. A. 


District Offices: Atlanta « Chicago « py e Dallas « Dayton » Des Moines « Detroit « Litchfield, Conn. 


Los Angeles « Milwauk lis ¢ New Orleans « New York « Kansas City, Mo. 
Oakland « Philadelphia « Portland, Ore. « Syracuse. 
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maximum power gain on Scale C, 
thence to the maximum power out- 
put on Scale E; and from the figure 
of merit on Scale A through the re- 
sidual time constant on Scale B to 
Scale C (1)*. thence to the maxi- 
mum power output on Scale E. The 
portions of Scales B, C and D en- 
closed by the lines so drawn contain 
all the values of time constant. power 


! power which nor- 


gain and signa 
mally can be obtained with this am- 
plifier operating at rated output. 

Che only limitation to the accuracy 
of the nomograph itself is graphic. 
Errors can be made in the original 
construction of the nomograph, in 
interpolating numbers on the scales, 
in the manipulations. drawing of 
lines and marking of points. These 
errors. however. are for most pur- 
poses Insignificant. 

The significant inaccuracies of 
calculations made with the nomo- 
eraph are due to the fact that the 
figure of merit of a magnetic ampli- 
fier is not actually a constant. Fig- 
ure of merit approaches a constant 
only where the power gain is taken 
over the linear portion, roughly 20 
to 80 per cent of the amplifier’s full 
output range. and where the residual 
time constant portion of the total 
time constant is smal! enough to be 
neglected (J, 2). Hence, at small 
total time constants or near the maxi- 
mum output of an amplifier, the fig- 
ure of merit varies in value and in- 
troduces error into calculations made 
with the nomograph. 

The errors due to these limitations 
can largely be circumvented by using 
only the linear portion of an ampli- 
fler’s output range and by calculating 
an amplifier’s figure of merit from the 
operating time constant only; ie., 
with the Cs term of the total time- 
constant expression} removed and 
then subtracting C. from or adding 
it to the operating time constant as 
the total time constant for the no- 
mograph (J). This procedure re- 
quires the use of a ponderous set of 
tabulated information and to a de- 
gree nullifies the advantages of the 
nomograph by making its manipula- 
tion cumbersome. 

The nomograph can be employed 
to best advantage by constructing 
and using it on the assumption that 


*Italic numerals in parentheses refer to Cited 
References at end of article. 


N? 
7Total time constant = Ci + Ce 
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ALL-PURPOSE DIGITAL VOLT-OHM METER 


Examine these outstanding features. 


Type of measurement nt 
indicated. — 


Polarity automatically displayed. — 
Digital display. No 


multi-scale confusion, — 
interpolation or parallax error. . 


Decimal point automatically 
positioned. 


Beckmany 


DIGITAL VOLT—-OHM~—METER 
MOOR, 5350 


PROVISION FOR 
REMOTE CONTROL 
Measurements can be 
triggered by external 
command signal. 


THREE TYPES OF 
MEASUREMENT 

de volts, ac volts and 
resistance. 


SIGNAL GROUND ISOLATED 
FROM CHASSIS 

You can measure voltage 
between two points when 
neither is at ground. 


As the picture reveals, BECKMAN /Berkeley’s Model 
5350 is the most useful, most versatile digital instrument 
of its kind. It offers operating flexibility and features not 
found in digital voltmeters costing three times as much. 
The Model 5350 makes it feasible to replace multi- 
purpose analog equipment with a more accurate, rapid 
and foolproof means of making the vast majority of 
everyday voltage and resistance readings. 


Beckman 
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Calibrating controls and 
precise standard voltage 
(see below) available on 
front panel. 


BROAD RANGE INSURES 
MAXIMUM UTILITY. 

Full-scale ranges of +1 to 
+1000 volts, 10k to 10M ohms. 
PRECISE STANDARD VOLTAGE 
FOR CALIBRATION 

Obtained from an internal 
controlled-temperature 

zener diode. 


NO NEED TO CHANGE PROBES 
Single multi-purpose probe 
used for all measurements. 


160 


Three digits present all readings within the nominal full 
scale range (000 to 999), a fourth digit permits off-scale 
readings up to 150% of full scale. All electronic con- 
struction eliminates troublesome stepping switches and 
permits an instantaneous display of readings at rates up 
to 10 per second. 


Priced at only $845.00. 


Berkeley Division 


2200 Wright Avenue, Richmond 3, California 


a division of Beckman Instruments, Inc. 
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HOW RIVERSIDE-ALLOY HELPS YOU 
PICK THE RIGHT STAINLESS 


VAST VARIETY — Knowing your 
problem, Riverside-Alloy cansupply 
a stainless steel particularly suited 
to your needs ...in wire, rod, or 
strip form. Or, lacking a stock steel, 
Riverside-Alloy will work with your 
engineers to develop new varieties. 


SPECIAL STEELS— Riverside-Alloy 
can supply special stainless steels, 
too—fully soft or spring temper .. . 
magnetic or non-magnetic. . . for 
springs or staples, woven baskets 
or egg beaters, in just the size and 
finish you need. 


FREE CONSULTATION — Let a 
Riverside-Alloy representative dis- 
cuss your problems with you. Since 


1919, these steel specialists have 
been available for consultation and 
advice, without obligation. For the 
name of your nearest Riverside- 
Alloy representative, write: 

Alloy Metal Wire Works, 
Riverside-Alloy Metal Division, 

H. K. Porter Company, Inc., 
Riverside, N.J. 


FOR FREE CATALOG, 
‘‘Design Handbook 
of Stainless Steel’, 
write on your 
letterhead to the 
address above. 





H.K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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a magnetic amplifier figure of merit 
is a constant and accepting the con- 
sequent approximations. O00 


Cited References 


I. “Applying Magnetic Amplifiers—IV,” 

W. J. Dornhoefer and V. H. Krummen- 
acher, ELEctTRICAL MANUFACTURING, 
September 1951, p 92; or “Magnetic 
Amplifiers,” Technical Information Bul- 
letin 1105-1, Vickers, Ine. 
“The Figure of Merit of Magnetic 
Amplifiers,” J. T. Carleton and W. F. 
Horton, AJEE Transactions, 1952, Vol. 
71, Pt. 1, -p 239. 


Purged Enclosures 


(Continued from page 113) 





Purged vs Explosion-Proof or 
Pressurized-Gas. Purged-enclosure 
systems have advantages in addition 
to the saving in first cost. which may 
be considerable. With 
proof (and. to a slightly lesser de- 


explosion- 


gree, with pressurized inert-gas) en- 
closures, considerable time and labor 
are required for access because a mul- 
titude of fastenings are required. Ex- 
plosion-proof or pressurized inert- 
gas enclosures are not generally car- 
ried in stock (in the larger sizes at 
least) and may require a long lead 
time as well as special engineering. 
Pressurized enclosures, with a small- 
volume. relatively high-pressure air 
supply connection, require compli- 
cated air conditioning equipment on 
the air supply line. All pressurized en- 
closures, whether air or inert gas, 
must be practically air-tight, heavy 
enough to resist the pressure, and 
have over-pressure protection. 

With purged enclosures. on the 
other hand, because the blower sup- 
ply is inherently incapab!e of build- 
ing up excessive pressures, it can also 
provide a safe path for exhausting 
excessive pressures created by leaky 
pneumatic controls. They can build 
up excessive pressure if they leak or 
exhaust inside an air-tight enclosure. 
Purged enclosures require no un- 
usually heavy wall or special gasket- 
ing construction, are readily avail- 
able at moderate cost, and have 
simp'e quick-acting door fastenings. 
Where personnel may open the doors 
for adjustments while the controls 
are operating, purged enclosures 
have the unique safety feature that 
clean air is being constantly blown 
into the enclosure whether the doors 


are open or closed. O00 
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New! Miniaturized! 
Kellogg Type L’ Relay 


TYPE "L’ RELAY FACTS 


FORM A FORM B 








— | REMARKS 


momar =p 13 SPRINGS MAX 
Ke ac b> PER STACK. ONE 
CONTACT c—--4 ren sta 
| - 
FORMS pees. 


' 
(MAKE) | (BREAK) (BREAK-MAKE) | (MAKE BEFORE BREAK) 
i ee oa L 


Pf 


FORMC | ~— FORMD 


7 





TWIN CONTACTS ‘ SINGLE CONTACTS RATINGS PERTAIN 


__, TO CURRENT 


NTA 
co ct PALLADIUM GOULD SUVER PALLADIUM TUNGSTEN | SILVER PACITY UNDER 
anual TIONS. SPECIAL 
062"x 020" |.062"x 020" | 0627x020" | .093"x 031" | .125"x 050" | .125"x .050" APPLICATIONS 
iia tahteed USUALLY RE 
QUIRE ENVIRON 


4 Amps 150 Watts | 1 Amp. 150 Watts | 2 Amps. 100 Watts|4 Amps. 450 Watts 3 Amps. 450 Watts|4 Amps. 450 Watty 
| MENTAL TESTING 





STANDARD COILS SLUG COILS TIMING VALUES 


TIMING 
OPERATE RANGE RELEASE RANGE OPERATE RANGE RELEASE RANGE 


3-30 4-20 20-60 30-100 





COIL RESISTANCE WEIGHT RESIDUALS 
[ ~T pousie WouND | ~~ T"7AVAILABLE WITH 
PR gene pe UP TO 6500 OHMS | APPROX. 24% OZ. | SCREW OR FIXED 
: EACH WINDING | TYPE RESIDUALS 

| 








“Compact, lightweight. extremely versatile, reli- contact points: gold, silver, palladium, tungsten; 

able” . . . these are some of the comments of other materials available 

engineers who have tested Kellogg’s new type “L” residual: adjustable 

relay. It is a sturdy re-engineered version of the time delay: heel-end slugs and armature-end slugs 

model used for years in telephone offices around for release time delay and operate time delay, 

the world. Now, its many new features make it respectively 

particularly adaptable to industrial applications @ terminals: slotted 

including computer systems, two-way radio and e weight: Net, 24 oz. 

automation devices. e dimensions: 2-1/4” L x 1-1/8” W, ranging in height 
Efficient design gives the Kellogg type “L” more from 17/32” to 1-1/16" (max.) 

operating force than relays of comparable size. © operating voltages: up to 220 V.D.C. 

This means greater sensitivity, gram Pressure and Behind the superior reliability and design of 

more springs per pileup. In addition, the new re- elena’: Senna sale 4 ase na 

dav features: ellogg’s type L re ay are more than 60 years 
: of experience as a leading producer of telephone 

equipment. And as the communications division 

@ wide variety of coils for any circuit requirements; of International Telephone and Telegraph Cor- 
single or double wound poration, Kellogg has the research talent of 3500 

e bifurcated stationary springs for independent con- engineers and technicians at its disposal. 
tact action and high reliability; (single contacts also Inquiries are invited. Send for a free catalog on 
available) relays and other components manufactured by 

@ heavy duty bronze yoke and stainless steel bearing Kellogg. ‘ 
pin insure long life and stable adjustment Kellogg Switchboard and Supply Company, 

@ single or double arm type armatures available 6650 South Cicero Avenue, Chicago 38, Illinois. 

e hermetically sealed models, if desired Division of International Telephone and Tele- 

® operating speed: minimum of 1 to 2 milliseconds graph Corporation. 


TEELLO GG ce 


Manufacturers of: Relays ¢ Hermetically sealed relays ¢ Switches ¢ Solenoids 


@ rear mounting, for ease of wiring 








OCTOBER 1958 Circle 298 on page 17 











zine js Often 
you are... and how 
are receiving his Magazine 


use the 
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What YOU can do 
3 and Advertisers frequently 
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articles and advertise. 
; Cooperate With 
Will you? - dy 4nsWering their 
questions . -. in the interest of better 
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Markets. 


BUSINESS PUBLICATIONS 
AUDIT OF CIRCULATION, INC, 


420 Lexington Avenue New York 17,N.Y. 


A NON- PRogir TRIPARTITE MEMBERS ip CORPORATION OF ADVERTISERS, ADVERTISING AGENCIES AND BUSINESS PUBLICATION s 
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ASCO SOLENOID VALVES ARE ENGINEERED 
TO MISSILE GROUND SUPPORT REQUIREMENTS 





=| 


Tight Shut-Off at Pressures to 3000 PSI, 


Temperatures to Minus 350°F. 


ASCO now brings you a family of solenoid valves, specially 
designed for missile applications with tough environmental or 
operational requirements. Two, three and four way valves are 
available with standard, explosion-proof or watertight sole- 
noids; sizes range from %4” through 2'4”. Fluids handled in- 
clude air, liquid oxygen, helium and nitrogen (liquid and 
gaseous). Valves can be supplied with continuous duty coil 
windings for 24 volts D-C, and for any other commercial volt- 
ages required. All types are packless (hermetically sealed), 
providing tight shut-off, with no external leakage to atmosphere. 


Two Way Valves... normally open or normally closed, easily 
handle fluids at pressures to 3000 psi, temperatures to -350° F. 
Valves are stainless steel with teflon discs; most sizes are avail- 
able with AN connections (Main Il]lustration-Bulletin 8223X). 


Automatic Switch Co. 


Three and Four Way Valves . . . are suitable for piloting 
cylinder operated valves. Three way valves are also utilized 
for controlling single acting cylinders, and diaphragms; four 
way valves are used for controlling double acting cylinders. 
Unique poppet type seats and discs assure tight seating at 
pressures to 750 psi, temperatures to -65° F. Valve shown below 
(Bulletin 8344X) is suitable for 4 way applications, or may be 
used for 3 way installations by plugging one cylinder connection. 
=D Proposals are submitted upon receipt 
1 of specifications—or an ASCO Engineer 
can help you in solving your ground 

support valving problems. 
For additional information on ASCO 
Solenoid Valves for Missiles, write for 

Publication V5056. 


ASVG. 


50-M Hanover Road, Florham Park, New Jersey * FRontier 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES * ELECTROMAGNETIC CONTROL 
Circle 299 on page 17 





for CONTROL... 


of time intervals in sequence it’s time 


you checked The SORENG Timer 


If your development project 
or present production requires 
an interval timer for program- 
ing an automatic washing- 
machine, dryer, dish-washer, 


Soreng Timer ...and investi- 
gate the advantages of custom- 
engineered timers at low mass 
production prices. As a start- 
ing point, let us consider some 


window fan, etc., then now is 
the time for you to check the 


of the characteristics of THE 


SORENG TIMER. 


about the SORENG timer e'. 
TANDEM st ‘ LATERAL 


Eight double-throw switches with off position. Axial manual shaft on-off TIMER TIMER 

switch, available in out-off or out-on position. 5 . : 1 : ; 
In keeping with the Soreng policy of engineering 
products to our customers’ specifications, the timer 
characteristics provide ample latitude for your speci- 
fications to be incorporated into the basic design. For 
further data, drawings, and our “Timer Cycle Analy- 
Choice of bullet or spade type terminals. sis Form,” write for Bulletin SL-10 on Tandem 


Timers and Bulletin SL-9 on Lateral Timers. 
Clockwise rotation providing indexing of 36, 45, 50 and 60 


CS} CONTROLS COMPANY OF AMERICA 
distinct positions. a 


Accuracy is obtained by synchronous timer motor. eo sq 


Tandem or lateral motor drive arrangement. 9551 Soreng Ave., Schiller Park, Illinois 


Will control up to 20 different circuits. 
Short interval circuits can be provided for spray or signal purposes. 
Rating: To customer specifications. 


Manual control shaft 4,” dia. with threads, flats, etc., to your 
specifications. 


Stepping control mechanism is simple in design and ruggedly 


constructed. controls that make modern living possible 
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Designers— Engineers: 


ADVAC TERMINALS 


-will solve your 
toughest hermetic seal 
problem with a wide 
margin of safety! 


ADVAC Hermetic Seals are 
produced under an exclusive 
process that provides a superior 
seal capable of withstanding 
gruelling environmental 
conditions. Advac terminals 
feature a metallized high grade 
alumina construction that 
provides a super-strength seal. 
Performance-proven in critical 
commercial and military applica- 
tions, ADVAC seals are available 
in standard types or custom 
designs for special requirements. 


sitet hnediieg | Mlsslaal’lalhs an coMe Mal-iaaal- lie alolel 
DESIGN » High Mechanical Strength 
ADVANTAGES > Maximum Voltage 65,000 V. 
re Ss ror Vohe-o)(-Malolam =1a-b isle Pn 4 A-liellale Mola —lohaet-tellol-talale) 


ia 


ADVAC TERMINALS ARE PRODUCTS OF — 


NEW BULLETIN — contains 
complete information and detailed 
specifications on the ADVAC line. 
Address inquiries to Dept.MF, 


ADVANCED VACUUM PRODUCTS: INC 
430 FAIRFIELD AVENUE, STAMFORD, CONNECTICUT - Phone: DAvis 4-2148 
A Division of General Ceramics Corporation 
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Experience—the added alloy in A-L Stainless, Electrical and Tool Steels 





rolled sheet 





STAINLESS STEEL PRODUCERS 
and What They Make 


Semifinished 
Hot Rolled 


Sheets, 


Company & Principal Office 


Sheets 


Cold Rolled 


Including 


Strip, 

Hot Rolled 
Strip, 

Cold Rolled 
Bars, 

Hot Rolled 
Bors 

Cold Finished 
Electricweld 
Pipe & Tubing 
Seamless 

Pipe & Tubing 
Mech & Pressure 
Pipe & Tubing 
Drawn Wire 
Extrusions 
Stainless 

Clad Plates 
Stainless Clad 
Sheets or Strip 
Other, 
Structural Sho 
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ALLEGHENY LUDLUM STEEL CORP 


x< 
x< 
x 


+ 
+ 


x 


+ 


4 


x 
x! x 
x< 
<x x 
x 
x< 
x 
x 
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Of the 60 producers of stainless steel... 


only ALLEGHENY LUDLUM makes all sizes, shapes, finishes and analyses 


In its November 4, 1957 issue, STEEL magazine published 
a complete run-down on the stainless steel industry. This 
article reveals that only Allegheny Ludlum, of the 60 some 
companies making stainless, produces all sizes, shapes, 
finishes and analyses. 

This can save you considerable time and money. When you 
make Allegheny Ludlum your one source of stainless, you 
work with one sales engineer—one order, whether you buy 
sheet, strip, bars, tubing or whatever. 

And, at the same time, you get the best technical service. 
A-L’s crack research and development department is con- 
tinually searching for new alloys, and better ways to use 


today’s. Its findings are freely available to you through 
sales engineers, technicians and special literature. 

Allegheny Ludlum follows the product from the melt 
through to finished form, has greater quality control over 
the stainless you buy. And since A-L makes all forms of 
stainless, you get unbiased recommendations as to what is 
best for your individual needs. 

Profit by Allegheny Ludlum’s status as the only one-source 
integrated supplier of all stainless forms. Call your A-L 
representative today . . . see how he can save you money 
and time. Or write Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


ALLEGHENY LUDLUM 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 
EVERY FORM OF STAINLESS... . EVERY HELP IN USING IT 
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Guide to Buyin 


MATERIALS @ METALS e@ ELECTRICAL & MECHANICAL PARTS e@ EQUIPMENT e FINISHES 





Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 


are used in the design, engineering and manufacture of electrically operated machines, 


appliances 


and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


on page 17. 





ADHESIVES 

Durez Plastics Div Hooker Chemical 
Corp., 1310 Walck Rd., N. Tonawanda, 
N. 


lean. N. ¥ 
Products, 


Houghton Laboratories. Inc.. 
Johns-Manville, Dutch Brand 
7800 Woodlawn Ave.. Chicago 19. I)! 
Minnesota Miuing & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 

Paul 6. Minn. 


ALUMINUM. See also Castings 
Aluminum Co. of — Alcoa Bildg.. 
Pittsburgh 19, 
American Brass Co., 
Cochran Foil Corp., 

Reynolds Metals 
Louisville 1, Ky 


AMMETERS. See Instruments 


20. Conn 
b, Ky 
1800-ED 


“Ww aterbury 
Lauisville 
Co.. P.O. Box 


AMPLIFIERS, ELECTRONIC 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, é 

Kearfott Co.. 

Clifton. N. J 
Librascepe, Inc 
Salif 
Magnetic 

New Y 


Inc 1378 Main A’ve.. 


40 E. Verdugo, Burbank, 
Amplifiers 
ork 55. N. 
Nothelfer ‘Winding 

Sox 455, Dept 
Sanborn Co., 


Inc., 632 Tinton Ave 
y 


Laboratories, P ° 
EM-8, Trenton 3, N. 
175 Wyman, Waltham 54. 


Electro- Devices 
Paterson 1 
150 Varick. 


Servospeed Co Div. of 
Inc.. 4 Godwin Ave., 

United a a aad Co 
York 13 

Vickers Eictrse Div 
Locust. St. Louis 3. } 

Westinghouse Electric Corp 
ter, Bidg. No. 3, 401 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., 
of Daystrom, Inc 614 Frel 

. Newark 5, N. J 


New 


Vickers, Inc 1803 
M 

Gateway Cen- 
Liberty Ave., 


A sub 
inghuysen 


ANODES, PLATING 

American Brass Co., Waterbury 

Chase Brass & Copper (« Sub 
necott Copper Corp.. Waterbury 20, Conn 

Engelhard Industries ne., American 
Platinum & Silver Div., 231 N. J. Rail- 
. Newark 5. N 

Plate Div Metals and 

1910 Forest, Attleboro, 
Gold) 

nw Harman. 82 Fulton 
(Silver, Gold) 

Co.. C. G., Pittsburgh 19 


20. Conn 
of Ken- 


Controls 


Mass. 
New York 


Silver 
Handy 


et, & Pa 


ASBESTOS SLEEVING. See Sleeving and 
ape, Asbestos. 

AUTOMATION EQUIPMENT 

Stromberg-Carlson, A Div of 


Dynamics Corp., 117 
Rochester 3, N. Y 


General 
Carlsor Rd.. 


BALANCING MACHINES 
General Electri Co., 
Schenectady 5 
w estinghouse — “tric Corp., 
r, Bldg 3, 401 
Pi ttsburgh 30, Pa 


Apparatus Sales Div 


zateway Cen 
Liberty Ave., 


BALLS, BEARING 

Hoover Ball & agg Co 
Ann Arbor, ic 

SKF 


, 326 E. Hoover 


Industries a 32. Pa 


BATTERIES, DRY 

Mal & Co Ir 
6, Ind 

National Carbon 
Union C arbic le 
New York 17, N 

RCA Electron Tube 
America, 


napolis 


Co ’ A 
Corp., 30 E 
Y 


Div. of 
42nd, 


Dic Radio Corp. of 

Harrison. N. J 

BATTERY ELIMINATORS. See 
Supply Units; Rectifi 


Power 
ers 


BEARINGS, BALL 


Miniature Precision 
Precision Park, Keene, 
New Departure Div. of 
Corp Sristol, Conn 
New Hampshire Ball Bearings 
borough H 
United States Plastics Div. 
f The Camden 1 
J 


(Miniature) 


Bearings, In 611 


N 
General Motors 
Inc., Peter- 


Gasket Co 
Garlock Packing C« 
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BEARINGS. BALL and ROLLER 
(Radial and Thrust) 
Hioover Ball & Bearing Co., 
Arbor, Mich 
Departure of General 
Corp Bristol, Conn 
Nice Ball Bearing Co.. 30th & 
Park Ave., Philadelphia 40, Pa 
SKF Industries, Inc., Philadelphia 32 


326 E. Hoover 


Motors 
Hunting 
Pa 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 

Amplex Div Chrysler Corp Detroit 

ich 

tac dio S ores, 
Lawn, Ill 

United States Graphite Co 
Saginaw 8. Mich 


Inc., 9540 Tulley Ave.. Oak 


1621 


Holland 


BEARINGS 
(Brass. 


— 
Mic 


and BUSHINGS, 
Bronze, Steel, ete.) 


Div., Chrysler Corp 


METAL 
Detroit 


at. cone and Bronze Co., Toledo 1 


Ohio 
Chase Brass & 
cott ‘ 


Sub. of Ken 
Waterbury 20 


Copper Co 
opper Corp 


Mallors & Co.. Inc., P. R.. Indianapolis 
Ind 


Uv nited States Graphite Co., 1621 Holland 
Saginaw 8. Mich 


BEARINGS and BUSHINGS. 
NON-METALLIC 
General Ele tric Co., 

eatur, Tl 
National Carbon 
Carbide ‘Corp ‘ 
17. N 


Plastics Dent De 
of Unior 
New York 


Co In 
30 E 


A Dis 
42nd 
National Vulcanized Fibre Co., Wilming 

9, Del 

‘ores, In 9540 Tulley Ave., Oak 

Ill 
Spaulding F 

Y 


ibre Co., Inc Tonawanda 


Westinghouse Electric Cornp.. Gateway Cen 
Bl Ne : 401 Liberty Ave., 
Pitts wares 


BELLS 

Stromberg -Carlsc A 
Dynamic “ory 117 
Rochester £ ¢ 

Wheelock Signals. Inc 
Ave., Long Branch, N 


Dir of General 
Carlson Rd., 
Branchport 


BELT DRIVES. See Drives, Belt 
BERYLLIUM COPPER (Rod, Strip. Tube, 
on Ir P. R., Indianapolis 
-Allov Metal Div., H. K 
Riverside, N. J 


Porter 


BIMETALS. See Thermostatic Bimetals 


BITS, SCREW and BOLT. 


Screw Keys and Wrenches 


See Socket 


BLADES, FAN 

Torrington Manufacturing C« 
Conr 

BLOCKS, PILLOW 


General 


Motors 


> ra elphia 32. Pa 


— TERMINAL 


and Boards, Terminal 


See Strips 


BLOWERS. See Fans and Blowers 


BOLTS. 


See Fasteners 


See Sheet Metal Fabri 


BOXES, METAL. 


cators 


BRAKES, MAGNETIC 

Dings Brakes, Inc., 4713 W. Ele 
Milwaukee 46, Wis. 

Cutler-Hammer, Inc., 
Milwaukee 1, Wis 

Eaton Mfg. Cc Dynamati 
Fourteenth Ave.. Kenosha 

Stearns Electric Cc “ » 120 
Milwaukee 2 

Warner Electric Brake & Clutch 
Dent. EM. Beloit $ 


tric Ave., 


1264 St. Paul Ave., 


Div 3307 
Wis 


N. Broadway. 


Co., 


BRASS, BRONZE 
Commercial Forms). 
and Cable, Bare 

American Brass Co., Waterbury 20 

Also Tobin Bronze, Chromium 

Selenium opper 

Chase Brass & Copper Cr of Ker 
necott Copper Corp., Waterb 20. Conr 

Driver Co., Wilbur B 1875 McCarter 

N. J 

Pittsburgh 19, Pa 

r Dept F-4 4730 Madisor 

Cincinnati 27, Ohi Copper Tut 


and COPPER (All 
For Wire, see Wire 


Conr 
Cooper 
and 


¢ G 


dge Copper Products Corp., 30 
Ave.. New York 22, N. ¥ 
Somers Brass (C¢ Inc 110 Baldwin 
Waterbury, Conn (Strip) 


Ave 


BRAZING ALLOYS, SILVER 


Chase Brass & 
necott Copper Corp 


Copper Cc Sub. of Ker 
Waterbury 20, Conr 
Genera! Plate Di Metals and Controls 

1910 Forest, Attleboro, Mass 


Harman, 82 Fulton, New 


Corp 
Handy & 
wt 


York 


lianane 


Mallory & Co., Ir Ir 
6. Ind 


BRONZE. See Brass, Bronze and 
Phosphor Bronze 


Copper 


BRUSH CAPS 

Midwest _Moldi ng & ae Ce 
Dr 

Phoenix g 
Halsted, Chicago 13, Ill 

BRUSHES: CARBON. GRAPHITE. 
METAL-GRAPHITE 

Co., 

Corp., 


National Carbon 
Union Carbide 
York 17, N. Y 

Speer ( ‘atbon Co Marys 

Stackpole Carbon C St. Marys 

United States Graphite Co., 1621 
Saginaw 8, Mich 

Westinghouse Electric 
ter, Bldg. N« 
burgh 30, Pa 


Corp., Gateway Cer 
3, 401 Liberty Ave., Pitts 


BRUSH HOLDERS 
Commutator Brush 


See Holders 


BUSHINGS 
Bearings 
Composition 
Fibre. See Fibre, 
Glass. See Glass 
Hermetic Seals 
inals, Hermeti 
Mica. See M 
Porcelain 
Rubber 

ucts 


Rearings 


See 


See and Bushings 
Plastics Molders 

Vulcanized 
Technical 
See Seals 


and Term 


A 
Ceramics 


See Ce 
See Rubber and 


Rubber Prod 


CABINETS, SHEET METAL 
Metal Fabricators 


See Sheet 


CABLE. See Wire and Cable 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wir 


CAMBRIC, 
Insulaiing 


CAPACITORS 


orporated 


VARNISHED. See Fabr 


Chemical & Diele 
Park. Elizabethtown, Pa 
, New Bedford, Mass 

Co., 1316 5S. second, 
Wis 


trics 


waukee 4, 
Centralab, Div of 
2K E. Keefe Ave., 
Resistor Corp., 
Metallurgical 
Ill. (Tantalum) 
Capacitors, Inc 
York 56 . 
General Electri 
Schenectady 5, N. 
ITT Components Div 
phone and Telegraph Corp., P.O 
412, Clifton, N. J. (Tantalum) 
Jennings Radio Manufacturing Corp 
McLaughlin Ave., P.O. Box 1278 
Jose 8, Calif 


Globe-Tnion 
Milwaukee 1, 
Electron 


ics 


Corp., North Chi 


3405 Park Ave., 
Co.. Apparatus Sales Div., 
N 
Tele 
Box 


International 


970 
San 


( ce. F., 2831 
Waseca, Minn 
Inc., P. BR 


Second Ave., 


Indianapolis 


Ohmite Manufacturing Cx 3613 Howard, 
Skok 1 (Tantalum 

Radio ¢ “ondenser Co., Controls Div., 
den 3, N. J. 

Sangamo Electric Co., Electronic Compe- 
nents Div., Springfield. 

Sprague Electric Co., 307 North 
Adams, Mass. 

Stackpole Carbon Co., St. 

Texas Instruments Incorporated, 
mon Ave., Dallas 9, Texas 


Cam- 


Marshall, 


Marys, Pa 
6000 Lem- 


CARBON and GRAPHITE: (Contacts 
Electrodes, Anodes, Bearings, Di 
Piles, Plates, Plungers, Rings, Seals, 
ete.) 

Erie Resistor Corp., Electronics Div., Erie 

Keasbey, N. J 
arys, Pa 


Ceramics Corp., 

Speer Carbon Co St 

Stackpole Carbon Co., St, Marys, Pa 

United States Graphite Co., 
Holland, Saginaw, Mich. 


General 


1621 


CASTINGS. ALUMINUM and 
MAGNESIUM, See also Castings, Die 
Aluminum Co. of Alcoa Bldg... 


America 
Pittsburgh 19, Pa. 


CASTINGS. DIE 
Aluminum Co. of America 
Pittsburgh 19, Pa. 
Gries Reproducer 
Ave., New Rochelle, 
Hoover Co.. Die 
Canton. Ohio 
Madison-Kipp Corp.. 
son 10, Wis 
Merkle-Korf? Gear 
Chicago 7, Ill 
New Jersey Zine Co 
York 38. N. ¥ 
loys) 


Alcoa Bildg.. 
Beechwood 


(Zine) 
Div, North 


Corp.. 149 
N. ¥ 
Casting 


214 Waubesa. Madi- 


Co., 211 N. Morgan 
Front. New 
Casting Al- 


160 
(Zine Die 


CASTINGS 

International 
New York 
Alloys) 


INVESTMENT 
Nickel Co Inc., 67 Wall, 
5, N. Y¥. (Nickel and Nickel 


CATHODE RAY TUBES. 
Cathode Ray 


See Tubes 


CEMENT, INSULATING and SEALING 

du Pont de Nemours & Co., (Inc 
Plastics Div., Polychemicals Dept 
ming ton 


ae 
Wil- 


v Hooker Chemical 
Cory 13 F N. Tonawanda, 
N 

General Elect 
Decatur, Il 

Johns-Manville Dutch 
7800 Woodlawn Ave 

Zophar Mills, Inc., 1 
] 33. N. Y 


lyr 


Plastics Dept 
Brand Products. 
Chicago 19 ll 


12-130 26th, Brook 


CERAMICS 
Standard & Special 
Porcelain (low-volt) 
Refractory Porcelain 
High-voltage Porcelain 
Cordierite 
Zircon Porcelain 
Steatite (Lava) 
Titana 
Cement- 
Ferrites 
Alumina 


Electrical 


tes 


Asbestos 


Akron Porcelain Co 3000 Corry ive., 
Akror 1, Ohio (AB 


a Corp 


American La Chattanooga 5, Tenn 

CDEFG 

Centralat Dis of 
621 FE. Keefe Ave 
EF 

Coors Porcelain 
Cali 

General 
(BEFI 


Inc., 
Wis 


Globe- Union 
Milwaukee 1, 
642 Ninth, 


Co., Golden 


Corp., Keasbey, N. J 
Clifton Bivd., 
Mica) 

York Ave 
Trenton 5, 


Ceramics 
Corp. of America, 
(Glass Bonded 
Porcelain Co ’ 
Plum, P.O. Box 
(AE) 
Roston e Corp., 
yette, 
Square 
Mich 
Stackpole Carbon Co., St 
Star Porcelain C« 34 
Trenton 9. N. J. (BF) 
Wisconsin Porcelain Co., 
Praire, Wis. (ABF) 


908, 


2405 S. Concord Rd., Lafa 


6060 Rivard, Detroit 11 
qa) 
Ave 


Marys, Pa 
Muirhead 


122 Lincoln, Sun 


CHAMBERS, TEST 
Blue M Ele Co., 
Blue Island, Ill 
Cincinnati Sub-Zero 
Reading Road 


tri 138th and Chatham, 
3930 W. 8 
Ohio 


Products, 
Cincinnati 28 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 
Jefferson, Chicago 6, Ill. 


11A B. 


CHOPPERS, ELECTRONIC 

Airpax Products Co., Ft. Lauderdale, Fla, 

Oak Mfg. Ce 1260 N. Clybourn Ave., 
Chicago 10, Ill 


CIRCUIT BREAKERS 


Airpax Products Co., Ft. Lauderdale, 

Allen-Bradley Co., 1316 S, Second, 
waukee 4, Wis, 

Crouse-Hinds Co., Syracuse 1, z. 

Cutler-Hammer, Inc., 1264 St, Paul Ave., 
Milwaukee 1, Wis. 

E-T-A Products Co, of America, 5085 N. 
Elston Ave Chicago 50, Il 


Fla 
Mil- 
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CLARK OFFERS 
THE MOST COMPLETE INTEGRATED 
LINE OF CONTROL RELAYS 

AVAILABLE TODAY! 


SS) 


Fok! at |; 


» b a 
L . * 
4-POLE (8 CONTACTS) "PMA™ RELAY foe SE 4- POLE (6 CONTACTS) “PMT” TIME DELAY RELAY Roe Ge es S-POLE “Pm” RELAY 


UNIVERSAL POLE RELAYS 
up to 14 contacts per relay 


New Clark Universal Pole 
Relays now double the 
available number of con- 
tacts per relay. Each uni- 
versal pole contains two 
isolated contacts—one 
normally open, one norm- 
ally closed. Melamine bar- 
riers and spacing provide 
600-v clearance between 
contacts. Contacts have 10 
ampere rating and wiping 
action. Universal poles are 
interchangeable with con- 
vertible poles of “PM” 
relays. 


Line up with other Clark 
relays on a panel! 


TIME DELAY RELAYS 


2 or 4 timed contacts 
—up to 6 instantaneous contacts 


New Clark Pneumatic 
Time-Delay Relays match 
physically other relays in 
the “PM” line. Timing head 
occupies the space of 2 
poles above magnet. Uni- 
versal poles each have iso- 
lated normally open and 
normally closed contacts, 
with 600-v clearance. Timed 
and instantaneous poles 
are identical. Available for 
“ON-DELAY” or “OFF-DELAY” 
operation (time delay after 
energization or de-energi- 
zation), and easily con- 
vertible. 


Line up with other Clark 
relays on a panel! 


15° - 


CONVERTIBLE POLE RELAYS 
2 to 12 poles 


The original line of space- 
saving control relays fea- 
turing exclusive Clark 
“modular construction”. 
Revolutionary design pro- 
vides 10 standard units 
with 2 to 12 poles, from 5 
basic models. Stocking of 
relays and spare parts is 
greatly simplified. Poles 
are easily converted from 
normally open to normally 
closed and vice-versa. In- 
dividual poles are front 
removable without disturb- 
ing wiring. 
Line up with other Clark 
relays on a panel! 


iiadcancinmehee 2-POLE “PML” LATCH RELAY ——— 


eeennese eenersersendsnstnpeniemencnateea —| 


LATCH RELAYS 
2 to 10 poles 


New Clark mechanically- 
held, latched-in relays have 
same modular design as 
“PM” relays—with latch 
unit occupying the space 
of two poles above magnet. 
No increase in height— 
saving panel space. Latch 
unit has its own continuous 
duty coil, allowing one 
more pole for circuit use 
since a relay pole is not 
needed to cut out coil when 
energized for sustained 
periods. 


Line up with other Clark 
relays on a panel! 


Detailed descriptive bulletins are available for all relays in the Clark 
“PM” line. Contact your nearest Clark sales office or write us direct. 


ke CLARK ©) CONTROLLER Gonpuny 


Everything Under Control U | 1146 East 152nd Street ° ° 
MAIN OFFICES AND PLANT, TORONTO e@ 


Cleveland 10, Ohio 
IN CANADA: CANADIAN CONTROLLERS, LIMITED 


OCTOBER 1958 Circle 303 on page 17 
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Bristol socket screws are going places in the missile age. 
They’re consistently aboard some of our finest missiles 
‘such as the Army’s NIKE and the Air Force’s FALCON. 

There are good reasons why missile-men like Bristol 
screws, too. They like the burr-proof, strip-proof Bristol 
Multiple-Spline socket. It allows them to wrench screws 
tighter to withstand vibration, to loosen and tighten screws 
more times, if needed, than ordinary socket screws. They 
know, too, that all Bristol socket screws—industry stand- 
ard hex, as well as Bristol-originated Multiple-Spline—are 
subjected to rigid, relentless quality control. Every step— 
¢:om highest quality alloy or stainless steel stock to fin- 
ished screw is carefully guarded by a system of checks and 
tests that reduce failure probability to nil. 

And they come in all sizes down to the miniature No. 0 
in both set and cap 

Whether you’re working on a guided missile, or an 
earthbound product, find out about Bristol socket screws. 
See your authorized Bristol socket screw distributor. He 
can help advise you on the right screw for your application, 
from the most complete line on the market, in 
both hex and Bristol Multiple-Spline socket, 
set, cap and many other types. His fast deliv- 
eries from complete stocks can help you out 
of many a tight spot. 


Precision socket screw manufacturers since 1913 


Bristol's Hex Socket Screws Bristol's Multipte- 
Spline Socket 


“Made in sizes as small as No. 0 in Alloy Steal and Stainless Steel. Cap screws up to 1's” diam 


THE BRISTOL COMPAN 


Socket Screw Division 
Waterbury 20, Conn. 


Circle 304 on page 17 


General Electric Co., Apparatus Sales Di¥., 
Schenectady 5, N. Y. 

Heinemann +: ae Co., 99 Plum, Tren- 
ton 2, N., 

Spencer Div. 
3610 Fores t, 

Square D ~- 
kee 12 

Westinahemes Electric Corp., Gateway Cep- 
ter, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Metals & Controls Corp., 
Attleboro, Mass 
4041 N. Richards, Milwav- 


CIRCUITS, ETCHED, PRINTED, ETC. 
American Lava Corp., Chattanooga 5, Tenn, 
, Div. of Globe-Union. Inc., 
Keefe Ave., Milwaukee 1, Wis. 
536 W. Mt, Pleasant Ave., 
10, Livingston, N 
Erie Resistor Corp., 
Erie, Da 
Mycalex Corp. 
Clifton, N 
Northern Plastics Corp., Second & Mar- 
ket, La Crosse 5, Wisc. 
Photocircuits Corp., Glen Core, = 
RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N.— 
Sprague Electric Co., 307 
Mass 
Gasket Co., 


Kjectronics Div., 


of America, Clifton Bivd., 


Marshall, North 


Plastics Div 
Camden 1, 


of The Garlock Packing Co., 
N. J 


Aer and CLIPS, GROUND and 


Burndy Corp., Omaton Div., Norwalk, 
Conn 
Ilseo Corp., Dept. F-4, 4730 Madison Rd., 

Cincinnati 27, Ohio 
Sherman Manufacturing Co., 
Creek, Mich. 
Thomas & Betts 
Elizabeth 1, N 


H. B., Battle 
28 Butler, 


Co., Inc., 
J 


CLAMPS and CLIPS, SUPPORT 

Tlolub Industries, Inc., 445 Elm, Syca- 
more, Ill 

We “de ly Co., 5256 N. Avondale Ave., 
Chicago 30, Ill. 


CLEANING COMPOUNDS, METAL 
Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N, Y. 


CLIPS, SNAP. Retainer and 


Snap 


See Rings, 


CLOTH, INSULATING. See Fabrics, In- 


sulating 


CLOTH TRACING. 
Film and Paper 


See Tracing Cloth, 


CLUTCHES, ELECTRIC 
Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 
a SF w. 
Vv 


Dings Brakes, Inc., 
Ave., Milwaukee 46, 

Eaton Mfg. Co., Dynamatic Div., 8307 
Fourteenth Ave., Kenosha, Wis 

Fawick Airfiex Div. Fawick Corp., 9919 
Clinton Rd., Cleveland 11, Ohio 

Radio Condensor Co., Controls Div., Cam- 
den 3, J 

Stearns Electric Corp., 120 N. Broadway, 
Milwaukee 2, Wis. (Magnetic) 

Vickers Electric Div., Vickers, Inc., 1803 
Locust, St. Louis 3, Mo 

Warner Electric, Brake & Clutch Co, 
Dept. EM, Beloit, Wis 


Electric 


COAXIAL CABLE. 
Insulated 


See Wire and Cable, 


COIL CORES and FORMS 


American Lava Corp., Chattanoega 5, 
e \. 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre, A Sub, of 
The Budd Co., Newark 13, Del, 

Cosmo Plastics Co., 239 W. 14th, Cleve- 
land 9, Ohio 

Ferroxcube Corp of 
Bridge, Saugerties, N, 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

of America, Clifton Blvd., 


America, 50 S 
Oy 


Mycalex Corp. 
Clifton, N 

National Vulcanized Fibre Co., 
ton 99, De 

Paramount Rate Tube ie 
ette, Fort Wayne 2, In 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Iil 

Stackpole Carbon Co., St. 
(Screw-type, Molded Iron) 

United States Gasket Co., Plastics Div, of 
The Garlock Packing Ce., Camden 1, 
N. J. 


Wilming- 
612 Lafay- 


Marys, Pa 


COILS and WINDINGS 
Acme Wire Co., — Dixwel) Ave., New 
Haven 14, Con 
Anderson Contro 7 “Ine., 
Franklin Park 
Audio Development Co., 
South Minneapolis 7, *Min 
Caledonia Electronics & Transformer Corp., 
g Caledonia, 
Co., 38349 W. 


63 Pavilion Ave., 
Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 


Dano Electric Co., 93 Main Winsted, 
Conn. 
Deluxe Coils, Inc., 1300 First, Wabash, 


nd. 

Dormeyer Industries, 3424 Milwaukee Ave., 
Chicago 41, 

General Electric Co., 
Div., Schenectady 5, 


9959 Pacific Ave., 
soos 18th Ave., 


Addison, 
Chicago 18. Ill 

Coto-Coil Co., Ince., 
Providence 5, 


foqeretes Sales 


Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y 
lisco Corp., Dept. F-4, 4730 Madison Rd., 

Cincinnati 27, 
Nothelfer Winding Laboratories, P. 0. 
Box 455, Dept. EM-8, Trenton 3, N. J 
RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 
Standard Electrical a Co., 
Third, Dayton 3, Ohi 
Ther Electric & Machine Works, 
Jefferson, Chicago 6, Ill 


2240 E. 
1lA 8 


COIL WINDING MACHINES 

Boesch Manufacturing Co., Inc., 
Conn 

Fort Wayne Tool, Die & Engineering Co., 
1025 Goshen Rd., Fort Wayne, Ind. 

Stevens Manufacturing Co Inc., George, 
602 Rogers Ave., Chicago 30, Ill. 

Universal Winding Co., lV. O. Box 1605, 
Providence 1, 


Danbury, 


COLD HEADED PARTS. See Fasteners 


COMMUTATORS 

Electro Tec Corp., South Hackensack, 
N. J. 

Kirkwood Commutator Corp., 4855 W 
130th, Cleveland 11, Ohio 

Midwest Molding & Mfg. Co., 
Dr., Gurnee 96, 

Nippert Electric Products Co., 
Mound, Columbus 23, Ohie 

Toledo Commutator Co., Setth Chestnut, 
Owosso, Mich 

Westinghouse Electric Corp., 
ter, Bidg. No. 3, 401 


Pittsburgh 22, Pa. 


123 Rotary 
1759 W 


Gateway Cen- 
Liberty Ave. 


COMMUTATOR SAWS and SLOTTERS 
Holub Industries, Inc 445 Elm, Syca- 
more l 


COMPARATORS, OPTICAL 


Bausch & Lomb Optical Co., 
Paul, Rochester 2, N. Y. 


84717 Bt. 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing: also Waxes and 
Compounds. 


COMPOUNDS, VARNISH. See Varnishes. 
Compounds and Resins, Insulating 


COMPUTER COMPONENTS 


— Products Co., Fort Lauderdale 


Erie *Electro- Mechanical Div., Erie Resis- 
6, Pa 


tor Corp., 
Instruments Incorporated. 6008 


Dallas 9, Texas 


Texas 
Lemmon Ave., 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 

Buchanan Electrical Products Corp., 225 
Route 22. Hillside. N 

Crouse-Hinds Co., Syracuse 1, N. Y¥ 


CONNECTORS, PRINTED CIRCUIT 
Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 59, Ill 


CONNECTORS, WIRE and CABLE 

AMP Incorporated, 5284 Eisenhower Blvd.. 
Harrisburg, Pa. 

American Brass Co., 

Amphenol Electronics Corp... 
Ave., Chicago 54, 

Buchanan Electrical Products, 225 

lillside, N 
Corp., Omaton Div., 


Waterbury 20, Conn 
1830 8. 54th 


Route 


Burnay Norwalk, 
son 

Cannon Electric Co.. Dept. 500, 3209 
Humboldt, Los Angeles 31, Calif. 

Crouse-Hinds Co., Syracuse 1, N 

General Electric Co., Construction “Ma- 
terials Div., Bridgeport 2. 

Holub Industries, Ine., 445 nm  Syea- 
more, Il. 
Hubbell, Inc., 

Isco Corp., Dept 
Rd., Cincinnati 27, Ginto 
o-- Manville, Dutch Brand Products, 
Woodlawn Ave. . Chicago 19. 
me 8 Co., E, F. 2331 Second Ave.. 
8s. W 


, Waseca, Minn, 
Krueger & Hudepohl, 1043 Evans, Cin- 
220 Pasadena Ave., So. 


cinnati 4. Ohio 

Microdot, Inc., 
Pasadena, Calif 

Sherman Manufacturing Co., H B.. 
Battle Creek, } 

Switchcraft, Inc., 
Chicago 30 

Thomas & Betts Co., Inc., 
Elizabeth 1. N. J 


Harvey, Pritucpent ¢ Conn. 
- 4730 Madison 


5539 N. Elston Ave., 


28 Butler. 


CONTACTORS, MAGNETIC. See Relays 
and Contactors, 


CONTACTS and CONTACT POINTS 
Brainin Co. ¥ C. 8S., 318 Washington, Mt. 


Vernon, 
Deringer Metallurgical aaa 8111 Monti- 
Ill 
Baker Contact 


cello Ave., Skokie 

Engelhard Industries, Inc., 
iv., 207 Grant. Ave. East Newark, 
Harrison P.O., 

ee becsiiingtacn” Corp., North Chi- 
ca 

General Piate TDiv., Metals and_ Controls 
Corp., 1910 Forest, Attleboro, Mass. 

Gibson Electric Co., Old Wm. Penn High- 
way, Delmont, Pa. 

Mallory & Co., Inc., P, R., Indianapolis 


6, Ind. 
Stackpole Carbon Co., St. Marys, Pa. 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


rt / A 


FOOT SWITCHES 
SIMPLIFY COMPLEX 
SWITCHING PROBLEMS 


For many control operations, the foot 
is often quicker than the hand and a 
whole lot more convenient—especi- 
ally where many switches must be 
attended or where the operator’s 
hands must be freed for other more 
exacting chores. 

Foot switches can often handle 
heavy-duty multiple-pole, 2 or 3-posi- 
tion switching more reliably, more 
conveniently, and with decided sav- 
ings in panel space compared to hand- 
operated switches or relay circuits. 

The two Hetherington Foot-oper- 
ated Switches illustrated can be sup- 
plied in a wide number of single and 
double-pole circuit arrangements with 
ratings up to 15 amps, 115 volts ac. 
Sturdy aluminum frames have a non- 
skid abrasive compound on treadles. 

Circle 305 on page 17 


THE SWITCH WITH 
THE 1,800 PIECE WARDROBE 


AS 


Take any Hetherington “JR”- 
Series Switch, screw on any of 14 
anodized aluminum adapters such 
as those above, and you have a to- 








SPACE-SAVER LIGHTS 


for Standard or Edge-Lit Panels 


Only 114 inches from terminal to lens, 
these tiny indicator lights give bright 
and moderately wide-angle visibility 
in minimum front-panel area. Col- 
ored plastic lenses unscrew from the 
front for quick replacement of 
AN3140 lamps; 6, 14, 18, or 28 volts. 


One-piece terminal and contact as- 
semblies are solidly molded as an in- 
tegral part of the assembly. Lamp 
circuits cannot be broken by pulling 
on the terminal. 


Full details on Hetherington Series 
L1000 (for regular panels), or Series 
L2000 (for edge-lit aircraft panels) 
are in Bulletin L-1. 

Circle 306 on page 17 


HETHERINGTON INC. 





JET-AGE RELAYS 
Meet Tough Shock 
and Vibration Specs 


Designed originally to withstand the 
extreme shock, vibration, and high 
temperatures of high altitude aircraft, 
missiles, and rockets, these Hether- 
ington G-Series Relays have proved 
remarkably successful and econom- 
ical for many less exacting earth- 
bound applications as well. Typical 
aircraft types with up to 6 single- 
throw or 4P-DT contacts, withstand 
20G vibration at over 500 cycles. Tem- 
perature barriers have been raised to 
600°F in many specific types. Single 
and multiple-unit assemblies are 
available in a variety of open, dust- 
proof, and hermetically-sealed types 
with contact ratings up to 10 amps. 


Industrial models for less critical 
applications are available at corres- 
pondingly lower prices. 

Details are in Bulletin R-1. 

Circle 307 on page 17 

















tally different unit . . . in style as 
well as in mounting characteristics. 


Most adapters can be furnished 
with any of 2 or 3 different auxil- 
iary push buttons to meet individ- 
ual requirements. In addition, any 
of 7 or 8 colors can be added to 
either or both the adapter or button 
—making a total of more than 1,800 
possible combinations for each of 
the six basic switch circuits. 


Adapters range from standard 
flange-mounting types to force-fit, 
blind-hole, and molded stick-grip 
types. Many can be engraved in 
14-inch letters to indicate switch 
function. 


“JR”-Series Switches use the 
positive Hetherington snap-action 
mechanism rated for 17 amps at 28 
volts dc, or UL Inspected for 15 
amps at 115 volts ac. 

Complete ratings, specifications 
and dimensions of all switches and 


adapters are shown in Bulletin S-5. 
Circle 308 on page 17 





WHEN YOU NEED SWITCHES 


IN A HURRY 





Small quantities of many Hetherington prod- 
ucts are now stocked for same-day delivery on 
both the East and West Coasts. See your local 
Hetherington sales engineer for an up-to-date 
list of stock items. 





DELMAR DRIVE, FOLCROFT, PA. @ 139 Illinois St., El Segundo, Calif. 


... for jobs where a better switch is far-sighted economy 


OCTOBER 1958 
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ATTENTION! 


ELECTRICAL 
MANUFACTURERS 
SEEKING DISTRIBUTION 
IN CANADA 


“stablished Canadian company with 
ACTIVE architectural, structur.] 
and mechanical engineering sales 
connection, will undertake sales of 
products compatible with underfloor 
raceway systems. 

Systems or devices must be 
prepared to undertake Canadian 
Standards Association approval. 


WRITE 


CONDUFLOR 


CANADA LIMITED 


130 Queen‘s Quay East, 
Toronto 2, Canada 


Circle 309 on page 17 


DANO 


puts performance 
into every coil! 





Regardless of type or quantity, 
every coil is quality manufactured 
to your exact specifications. 


Tote men peepeye eee 


* Encapsulated ° Paper interleave 
* Bobbin * Cotton Interweave 
* Form Wound 
* Vacuum Impregnated 
* High Temperature Application 
Also, Transformers Made To Order 


WRITE TODAY! Your inquiries are in- 


vited. Dano will analyze your coil prob- 
lems. No obligation. 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 














Circle 310 on page 17 


Judson L., Dept. D 


420 Market, 


Thomson Mfg. Co., 
Waltham 54, 


fass 
Ulanet Co., George, Newark. 
N J. 


CONTACTS. CARBON. 
Graphite 


See Carbon and 


and TAP 
N. J. 


CONTACTS, HEATER PLUG 
Heyman Mfg. Co., Kenilworth 1. 


CONTOUR PROJECTORS 
Bausch & Lomb Optical Co., 
Paul, Rochester 2, N. Y. 


CONTRACT MANUFACTURING 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., W aterbury 20. Conn. 

Curtis Development & Mfg. Co., 3266 N 
33rd. Milwaukee 16, R 

Kirk and Blum Manufacturing Co.. 
Forrer, Cincinnati 9, Ohio. 

Merkle-Korff Gear Co., 211 N. 
Chicago 7, B 

Stromberg-Carlson, A Div of 
Dynamics Corp.. 1434 WN 
Rochester 21, N. Y. 


84717 St 


3122 
Morgan, 


General 
Goodman 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 S. Second. Mil 
waukee 1, is 
Arrow-Hart & 
Hawthorne, 
Automatic Switch Co., 
Florham Park, } 
Clark Controller Co. 
Cleveland 10, Ohio 
Crouse-Hinds Co., Syracuse 1, 
Cutler-Hammer Inc., 1264 St 

Milwaukee 1, Wis 
Electro Products Laboratories Inc., 4501 
Ravenswood Ave.. Chicago 40, III 
Fidelity Snstrement aro . 1000 FE. Bound 

ary Ave 
Furnas Elec tric Co., 


Hegeman ee Co.. 103 
Hartford | 6. Cor 
0-M Reuever Rd.. 


1146 E. 152nd 


N 
Paul Ave 


Jo24 McKee, Batavia 


General Electric Co. Sales 
Schenectady 5 

Manufacturing Co., 211 
Hartford 1. Conn 

. N. Richards. Mil 


Apparatus 


Bartholomew 


iv 
H wt 
A 


Electric Di v 1803 

St. Louis 3 
a Leonard Electric Co 24 
Mt. Vernon. N. Y 


Vickers Inc.. 
Mc 


South 


CONTROLLERS, POTENTIOMETER 

Weston Electrical 
sub. of Daystrom, Inc., 614 
sen Ave.. Newark 5. N. J 

Wheelco Instruments Div., Barber-Colman 

Co., 1403 Rock, Rockford, Tl) 


Instrument Corp 
Fratinatwes 


FLOAT and LIQUID 
Switches 


CONTROLS. 
LEVEL. See 


See also Relays, Switches 
Thermostats 
Aller Bradley Co., 
waukee Wis 
Barber Colman Co., 
Tl 


oe” PRESSURE and TEMPER- 
ATURE 


1316 S, Second, Mil 


1803 Rock, Rockford 
Bourns Laboratories. I. O. Box 21! 
Riverside, Cali 
Cutler-Hammer Inc., 
Milwaukee 1, Wis 

y Controls, Ince., 
Orange, N . 
Electric Co., 
Schenectady 5. " 
Manufacturing Co.. 211 
Hartford 1. Conn 
Robertshaw-Fulton Controls Co., 
Div Columbus 16. Ohio 
Spencer Div., Metals & Controls Corp 
510 Forest Attlebore Mass 
Square 4041 N. Kicharcs 


1264 St. Paul Ave 


8 Hollywood Plaza 


Apparatus Sales 


Bartholomew 


Acro 


Milwau 


Instrument Cor 


2. Wis 
Electrical p 
‘relinghuy 


sub, of Daystrom Inc 61 
sen Ave., Newark 5, N 
Wheelco Instruments Div.. Barber-Colman 

Co., 1403 Rock. Rockford, 1! 
White-Rodgers, St. Taouis 6 
Wiegand Co Edwin L 

Bivd., Pittsburgh 8, Pa 


CONTROLS, REMOTE. 
Stations; Relays and 
Switches 


kee 1 
Weston 


1 
7530) «Thomas 


See Push Button 


Contactors 


CONTROLS, SERVO. See Servomerha 
8. 


nism 
COPPER. See Brass. Bronze and Copper 


COPPER, BERYLLIUM. 
Copper. 


See Beryllium 


CORD and TWINE, ARMATURE and 
COIL 


Insulation Manufacturers Corp.. 565 W 
Washington Bivd., Chicago 6, Il! 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


CORD. 
Cable, 
Varflex Corp., 


INSULATED. 
Insulated 


504 W 


See Wire and 


Court. Rome. N. Y 


CORD, RESISTANCE LINE 
ance Line Cords 


See Resist 


CORD SETS 


Belden Manufacturing Co., 
uren, Chicago 44, Tl 

Circle F Mfg. Co., Trenton 4, 

Cornish Wire Co., Inc., 50 
York 7. N. Y. 

Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb. Ill 


4633 W. Van 


N. J 
Church, New 


General Electric Co., Construction 
Div., Bridgeport 2, Conn 

Plastics Corp., 530° Boston Tpke., 
Shrewsbury, Mass 

Royal Electric Corp.,. Patan, Rr. I 

Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Bi berty Ave.. 
Pittsburgh 30. Pa. 


CORES, POWDERED METAL. See Cores. 
Transformer; Powdered Metal 
CORES, REFRACTORY. 
CORES, TRANSFORMER 
Acme 
N 


Mate 


Products 


See Ceramics 


* pas Corp, 3510 Water, Cuba, 


RA. an Lava Corp., Chattanooga 5 
Tenn 
Arnold 


General 
Indiana 


Engineering Co., Marengo. | Il. 
Ceramics Corp., Keasby, 
Steel Products Ce., Valparaiso 
In 
Magnetic Metals Co., Hayes Ave. at 21st. 
mmden 1, N. J 
Magneti s, Inc., Box 391 
Radio Cores, Inc., 9540 Tulley Ave., 
Lawn, Ill 
Stackpole Carbon Co., “ arys, Pa 
Thomas & Skinner., Inc. rT E. 23rd 
Indianapolis 7, Inc 
Westinghouse Blectric Cor 
Center, Bldg, No. 3, 401 
Pittsburgh 30, Pa 


Butler, Pa 
Oak 


Gateway 
ibe rty Ave 


COUNTERS. 
tronic; Re 

Berkeley Div of Beckman 
Inc 2200 Wright Ave., 
Calif 

Boesch Mar 
Conn 


See also Instruments, Flec 
Instruments 
Richmond 3 


ufacturing Co., Inc., Danbury 


nal Corp 02 20th, Moline 

Switchboard and Supply 
Cicero Ave Chicago 38 
Instruments, Div. of General 
Co., 8074 McCormick RBivd 


Hartford 2 
CLUTCH. See 


FLEXIBLE 

Co. .P matic Tiv., 
anette Wis, 

piling Co,, 4802 W 
WI 


Veeder- Root, In Conn 


COUPLINGS, 

COUPLINGS 

Fator Mfg 
Fourteenth Ave ‘ 


OVE y Porextble Cor 
Lake, Chicage 4 


Clutches 


tiflers. Semi 


pide DIODES. See Re 
\ Crystal 


nu Transistors and 
Dic a 


CRYSTALS, QUARTZ 
RCA Electron Tube Div 
of America, Harrison, N 


Radio Corp 
J 


DELAY 
nents 

DIAL LIGHT ASSEMBLIES 
Pilot and Indicator. 

DIALS and PANELS 


orp., Div, of Beckman Instru 
' P.O. Box 458, Newport 


LINES, See Computer Compx 


See Lights 


Calif 


DIE CASTINGS. See Castings, Die 


ee HEATING UNITS 
High Frequency Heating Units 


DIE-SETTING TOOLS 
Wales-Strippit Co., 222 Buell Rd., 
i 


See 


Akron 


DIES, PRECISION, LAMINATION ETC. 


Cleveland Tool and 1620 Eddy 

Ra Cleveland 12 

Sylvania Electric 
Broadway, New 


Die Co., 
Ohio 
Products, Inc., 
York 19, N. ¥ 


1740 


DIODES. See Rectifiers 
Transistors and Crystal 


Semiconductor 
Diodes 


pi hey 
MATER 
Filmsort (« Pearl 
Keuffel & Esser Co 
Ozalid, A Div, of 
Film Corp., 


EQUIPMENT and 
ALS 


River, N. Y¥ 
Hoboken, N. J 
General Aniline & 
Johnson City, N. Y. 


DRAFTING REPRODUCTION 
MACHINES 


Ovalid 
Corp., 


A Div. of — Aniline & Film 
Johnson ¢ Y 
DRIVES, ELECTRONIC. 


Reducers and Drives 


See also Speed 


Cutler-Hammer a 1264 St. Paul Ave., 
Milwaukee 
Eaton Mfg. ng “Dynamatie Div., 
Fourteenth Ave., Kenosha, Wis 
General Electric Co Apparatus 
Jiv., Schenectady 5 7 | 
Reliance Electric & 
Dept. 2710-A, Cleveland _ 
Servospeed Co., Div. PC 
In 4 Godwin Paterson, 
Westinghouse Electric Corp., 
Center, Bldg. No. 3, 401 
Pittsburgh 30, Pa 


Gateway 
Liberty Ave., 


DUCTS, WIRING 
Fibre 


(Control! Panel) 
Spaulding Co.. Inc., Tonawanda 
n= 


Taylor Electric, Inec., 15406 Dale, Detroit 
3, M 


DUPLICATING 


See Benders, 


MACHINES. DIELESS 
Brake and Shears. 
DYNAMOMETERS 
Chatillon & Sons, 
y x, %, 


ork 38 


John, 85 Cliff, New 
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high strength 
ceramic-to-metal assemblies 


COORS CAN FURNISH COMPLETE CERAMIC-TO-METAL 


ASSEMBLIES TO YOUR SPECIFICATIONS 


The finest in manufacturing fa- 
cilities and technical know-how are 
available to you at Coors—whether 
your requirement calls for a simple 
terminal bushing or a complex as- 
sembly of ceramic and metal parts. 
Coors high strength ceramic parts, 
metalized using high temperature 
techniques, are brazed to metal parts 
to provide the combination of physi- 
cal, electrical and heat resisting char- 
acteristics needed for so many appli- 


cations today. 

Ceramic-to-metal bond strengths 
range normally from 9,000 to 12,000 
p.s.imor higher depending on de- 
sign. Brazes can be made at tem- 
peratures as high as 1083°C (1981°F.) 
using copper. 

Extremely close dimensional tol- 
erances can be maintained where 
Coors manufactures the ceramic 
components, does the metalizing and 
makes the final assembly of the 


ceramic and metal parts. Also, this 
places responsibility in one place. 

However, for those who do their 
own assembly work, Coors will sup- 
ply the ceramic parts only—either 
plain or metalized. 

Coors engineers will help you 
work out the mechanical design de- 
tails of your metalized ceramic parts 
or ceramic-to-metal assemblies. Con- 
tact us at the earliest possible stage 
of design in order to save time. 


COORS PORCELAIN CO., 600 9th St., Golden, Colo. 





Please have your sales engineer see me to discuss ceramic- 
to-metal assemblies. 


| 
COORS PORCELAIN COMPANY | 
GOLDEN, COLORADO 

Manufacturers of 

| 

| 

| 


COORS SPACE AGE CERAMICS 


Please refer to our 12-page catalog in Sweet's Product Design File 


EM 1058 





AMPERITE 


50% 2% 
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Eaton Mfg. Co., Dynamatic Div., 33u. 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5. N a 

Robbins & Myers, Inc., Springfield, Ohio 

Westinghouse FElectric Corp., Gateway 
Center, Bidg No, aoe 401 Liberty Ave., 
Pittsburgh 22, " 


ELECTRICAL SHEETS. See Steel, Elec- 
trical 


ELECTRONIC COMPONENTS. See spe- 
if headings 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Ete.) 

American Lava Corp., Chattanooga 5, 
Tenn 


ENAMELING SHEETS. See Steel, Com- 
mercial Forms and Grades. 


ENAMELS. See Lacquers, Enamels, 
Paints and Varnishes, Finishing. 


EYELETS and EYELETING MACHINES 


United Shoe Machinery Corp., Boston 7, 
Mass. 


FABRICS, INSULATING, (Sheets, Tapes, 
Yarns, Thread, Cord, Ete.) 


Glass Fiber, Varnished Cambric, Cottor 
Silk, Asbestos, etc 
and Sheeting, Synthetic 

Tubing and Sleeving, Braided Fabric. 
Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14, Conn. 

Continental-Diamond Fibre, A Sub. ef 
The Budd Co., Newark 13, Del. 

Cottrell l’aper Co., Inc., 88 Purchase, Fall 
River, Mass 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohie 

Gudebrod Bros. Silk Co., Inc., 12 8. 12th, 
Philadelphia 7, Pa. 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicage 6, Ill 

Irvington Div., Minnesota Mining & 
Sera Tg Ce., 9 Argyle Terrace 
Irvington N. J. 

Johns Manville, Box 14, New York 16, 


Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, lil 
Minnesota Mining & Mfg. Co., Electrica! 
Products Div., 900 Fauquier Ave., St 

Paul 6, Minn 
Natvar Corp., 207 Randolph Ave., Wood- 
bridge, } q 
New Jersey Wood Finishing Co Elec 
seal Insulation Dept., Woodbridge, 
Varflex Corp., 504 W. Court, Rome, N. ¥ 
Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 gre Ave 
Pittsburgh 30, Pa. 


FANS and BLOWERS 

Air-Marine Motors, Inc., Amityville, N. Y 

Ashland Electric Products, Ine., 32-02 
Queens Bivd., Long Island City 1, N. ¥ 

Dieh! Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Som- 
erville, N. J 

Emerson Electric Mfg. Ce., St. Louis 21, 
Mo. 

Globe Industries, Inc., Dayton 4, Ohio 

lieinze Electric Co., 685 Lawrenee, Low- 


2027 Home Ave., Day- 
ton 7, 
Robbins & Myers, Inc., Propeller Div., 
Springtield, Ohio 
Rotron Mfg. €o., Inc., Woodstock, N. Y¥ 
Torrington Manufacturing Co., Torring 
ton, Conn 


FASTENERS (Bolts and Nuts; Leck and 
Ss Assemblies; Pins; Pre-assembied 
and Screws; Recessed Head 

Screws; Rivets; Screws; Washers.) 


Bolts and Nuts 

Machine Bolts and Nuts (A) 

Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly Nuts 
(D) 

Screw Thread Inserts (E 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

Captive Nuts (H) 

Cap Nuts (G) 

Spade Bolts (8) 

Welding Nuts sonnet on) (N) 

Wing Nuts (W 


Aluminum Co. of America, 2241-K Alcoa 
Bidg., Pittsburgh 19, Pa. (A) 

Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N. Y. (ABCDEFGS) 

Bristol Co., Socket Screw Div... Water- 
bury 20, Conn. (A) 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20. Conn 
(ABCF) 

Continental Screw Co., New Bedford, 
Mass. (AB) 

Delron Co., Inc., 224 ponern Ave., 
South Gate, Calif. (AC 

Elastic Stop Nut Corp. of ‘amerien, Dept. 

7-622, 2330 Vauxhall Rd., Union 
N. J. (ACDEN) 

Fischer Special Manufacturing Co., 446 
Morgan, Cincinnati 6, Ohio (AG) 

Gries Reproducer Corp., 149 Paes 
Ave.. New Rochelle, N. Y. 

Groov-Pin Corp., 1128 heniriae” Dene 
way, Ridgefield Park, N. 

Hassall, Inc., a P. 0. Box 2225, West- 
bu L. a! F 


ury (F) 
Keystone Bolt Nut Corp., 127 Church, 
New York 7, N. ¥. (AB) 


MacLean-Fogg Lock Nut Co., 5535 N 
Wolcott, Chicago 40, Til. ) 

Milford Rivet & Machine Co., Milford 
Conn. (BF) 

National Co., Malden 48, Mass. (H) 

National Lock Co., Rockford, Ill, (4) 

Nutt-Shel, 811 Airway, Glendale, Calif 
(CG 

Palnut Co., Sub. of United-Carr Pastengr 
Corp., 66 Glen Rd., Mountainside, N. J 


(Cc) 
Parker Kalor Div., General American 
Transp ey Corp., Entin Rd., Clif- 

ton, N. (AB) 

Russell, “Burdsall & Ward Bolt and Nut 
‘ort Chester, N, Y. (ABF) 
Seana “Bremer & Co., Sub. American 
Machine & Age Co., 221 N. LaSalle 

Chicago 1, Ill Cc) 

Tinnerman Products. Inc., P. O. Box 6688 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp, Cambridge 
42, Mass. (ACDE) 


Leck and Snap Assemblies. (Door Panel 
Shelf Support and Mounting, ete.) 


Camloc Fastener Corp., 22 Spring Valley 
Rd Paramus, } 

Simmons Fastener Corp.. 1752 N. Broad- 
way. Albany 1, N. Y. 


Pins — Cotter (F); Locking and Taper 
(G); Spiral Coil (M 


Atlas Screw & Specialty Co., 450 Broome 
New York 13, N, ¥ (FG) 

Chase Brass & Copper Co., Sub. of Ken 
— Copper Corp., Waterbury 20, 

onn. (F) 

Elastic Stop Nut Corp. of America, Dept 
K37-6 2330 Vauxhall Rd., Union, 
N 


( 
CGroov Pin ‘Corp. . 1128 “ee , Cause- 
way, Ridgefield Park, N. J. 


Pre-Assembled Washers and Screws 

Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N. Y. 

Continental Screw Co., New Bedford, Mass 

National Lock Co., Reckford, Ill. 

Thompson-Bremer & Co., Sub American 
Machine & Foundry Co., 520 N. Dear- 
born. Chicago 10, . 

United-Carr Fastener Corp., Cambridge 
42, Mass. 


Recessed Head Screws 

Atlas Screw & Specialty Co., 450 Broome, 
New York 13, N. Y. 

Bristol sae Socket Screw Div., Waterbury 
20, Conr 

Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp., W aterbury 20, Conn. 

Continental Screw Co.. New Bedford Mass. 

Elco Tool & Screw Corp., Rockford. Ill 

Keystone Bolt & Nut Corp., 127 Church, 


New York 7, N. Y. 

Milford Rivet & Machine Co., Milford 
Conn 

National Lock Co., Rockford, IL 
*arker-Kalon eon General American 
a tation Corp., Entin Rd., Clif- 


Russell, .oom & Ward Bolt and Nut 
‘o., Port Chester, N 

Standard Screw Co., 2701 Washington 
Blvd., Bellwood, Ill 

Thompson-Bremer & Co., Sub American 
Machine & Foundry Co., 520 N, Dear 
born, Chicago 10, II 


Rivets 


Aluminum ¢ f America, 2241-K Alcoa 
Bidg., Pittsburgh 19, Pa 
Chase Brass & Copper Co. ’ Sub. of Kenne- 
t Copper Corp., Waterbury 20, Conn. 
Chicago Rivet & Machine Co., 948 8. 
25th Ave Bellwood, Ill, 
Screw Co., New Bedford, 


Derlanet pestaneeetea Corp., 8111 Mon- 
ticello Ave., Skok Ill. 

Gries Reproducer Ry 149 Beechwood 
Ave., New Rochelle, N 4 

Hassall, Inc., jenn, 1.0, Box 2225, West- 
bury, 

Keystone “Bolt “& Nut Corp., 127 Church, 
New York 7 Y 

Milford Rivet — Machine Co., Milford, 
Conn 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N fe 

Thomson Mfg. Co., Judson L., Dept. D, 
Waltham 54, Mass 


Serews—Cap and Set, Machine (H); Self- 
Tapping (J) 

Allen Manuf acturing Co., 133 Sheldon, 
Hartford 5. Conn 

Aluminum Co. of Am eri 2241-K Alcoa 
idg Pittsburgh 19 ba 

Atlas Screw & Specialty Co., 450 Broome 
New York 13, N. Y 

Automatic and Precision Manufacturing 
Co. 252 Hawthorne Ave., Yonkers, 


N 
Bristol Co., S¢ one Screw Div., Waterbury 


20, Conn ( 


Chase Brass & C opper Co., Sub. of Kenne- 
cott Copper Corp., Waterbury 20, Conn 
(HJ) 

Continental Screw Co., New Bedford, 

ass, ( ) 

Delron Co., Inc., 5224 Southern Ave., 
South Gate, Calif, (H) 

Hassall, Inc., Jc a P.O Box 2225, West- 

ry, L, I Y, (HJ 

Hubbell, Inc., eves, brideesent 2, Conn, 

Keystone Bolt & Nut Corp., 127 Church, 

‘ew York 7, N. Y. (HJ) 

Long Lok Corp., 2618 Colorado Ave., 
Santa Monica, Calif. (H) 

Milford Rivet & Machine Co., Milford, 
Conn, IJ) 

Moore, r., George W. 85 Beaver, Wal- 
tham 54, Mass. (H 

National Lock Co., Rockford, Ill. (J) 

Parker-Kalon Div., General American 
a. ia Corp., Entin Rd., Clif- 

on, N. J, (HJ) 


ELECTRICAL MANUFACTURING 





4 5 Top Refrigerator Makers Now Save 


with Spring-Lock Shelf Supports 


The list is growing 


Now 45 leading refrigerator makers 
find Simmons plastic SPRING-LOCK 
the ideal shelf support. It is 

strong, attractive and low in cost. 
Installation is blind, quick, easy, 
secure. A half-turn causes the spring- 
steel legs to grip panels securely. 
Design flexibility of sPRING-LOCK 
makes it ideal for a variety of uses... 
shelf supports, cover knobs, drawer pulls 
and others. Any shape head can be 
molded in any color. Steel insert, 
around which the plastic is molded, 
provides strength-plus. Write today 
for 40-page catalog on the complete 
line of Simmons Industrial Fasteners. 


Samples upon request, 


IN THE UNITED STATES 


Frigidaire Div., General Motors Corp. Mac, Incorporated 

Philco Corporation Springer industries, Ine. 

General Electric Company Amana Refrigeration Inc. IN CANADA 

Hotpoint Company Buhl Mfg. Company Frigidaire Products of Canada, Ltd. 

Admiral Corporation Franklin Mfg. Co. Canadian G. E. Co. Ltd. 

Westinghouse Electric Corporation Acme National Refrigeration Co. Liquid Carbonic Canadian Corp. Ltd. 
rvel, Incorporated Revco, Incorpora Tudhope Specialties, Ltd. 

Whirlpool-Seeger Corporation Jordon eee Co. Fleet Mfg. Co. = 

King Refrigerator Company McCray Refrigerator Co. Racine Mfg Co., 

Quiefrez, Incorporated Harder Division, Tyler ietrigeration Corp. Taymouth eis ‘Ltd. 

Glascock Bros. Mfg. Co. United Refrigerator Co., Ine General Steel Wares, Ltd. 

R.C.A. Whirlpool Howard Refrigerator Co. Moffats, Ltd. 

Ranney Refrigerator Company weg Div.—American Motors Corp. Canadian Westinghouse Oe. Ate. 

Ben Hur Manufacturing Co. J. Lindemann & Hoverson Co. Canadian Admiral Corp. 

Maytag Company Norris Thermador Corporation E. Roy Industries Ltd. 


FOREIGN 


international G. E. Co. (Mexico) 
iin nas aii Saar Brown Boveri (Germany) 
La Casa Grande (Cuba) 


SIMMONS FASTENERS QUICK-LOCK © SPRING-LOCK © ROTO-LOCK © LINK-LOCK © DUAL-LOCK ©  HINGE.LOCK 
Simmons Fastener Corporation 1752 North Broadway Albany 1, N. Y. 
See our 8 page catalog in Sweet's Product Design File 
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PRECISION 


TEFLON” 


SCREW 
MACHINED PARTS 


for TROUBLE-FREE SERVICE 


Parts made of TEFLON offer engineering advantages possible with 
no other component material. HALOGEN extrudes all sizes of rod 
and tubing and operates screw machines from +00 to 3” 
diameter. This maintenance of complete process and fabrication 
control is your assurance that the most rigid specifications 
will be met . . . economically. 
OGEN 
hink of TEFLON . - - specify HAL 
When you thin 


SPAGHETTI and TUBINGS of TEFLON 


are superior for high temperature or high humidity 
insulation applications. Not affected by soldering 
temperatures AWG sizes from +6 thru +28, 

natural color, in STOCK for IMMEDIATE SHIPMENT. 


Other sizes and NEMA colors available on order. 


Write for Bulletin T-2001. 





INSULATOR & SEAL CORP. 
9960 Pacific Avenue Franklin Park, Ill. 
Gladstone 5-9000 


Engineers and manufacturers of products of TEFLON 
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Russell, Burdsall & Ward Bolt 
Co., Port Chester, N. 

Set Screw & Manufacturing Co., 112 
Main, Bartlett, Ill. (H) 
Standard Screw Co., 2701 
Blvd., Bellwood, Ill. 

United-Carr Fastener 
42, Mass, (HJ) 


and Nut 


Washington 


) 
Corp., Cambridge 
Spacers 


Delron Co., In 5224 
South Gate, Calif 


Southern Ave 


Washers—Fiat (K); Lock 

Atlas Screw & Specialty 
New York 13, N. Y. 

Auburn Manufacturing Co., 
Middletown, Conn, 

Chase Brass & Copper Co., Sub. of Ken 
necott , Corp., Waterbury 20 
Conn, +) 

Continental Sc Co., 
Mass. (KL) 

Cosmo Plastics Co., 
land 9, Ohio (K) 

Delron Co., Inc., 5224 Southern Ave 
South Gate, Calif. (Washer-Nuts) 

Garrett Co., Inc., George K., ‘Torresdale 
Ave. at Tolbut, Philadelphia 36, Ta 
(KL) 

Keystone Bolt 
New York 7, N. . 

National ashe o., 40 
Newark 5, N. J 

Palnut Co., Sub. of 
Corp., 66 Glen KRd., 


and Spring (L) 
450 Broome 


306-1 Stack 


New Bedford 


3239 W. 14th, Cleve 


& Nut Corp., 127 Church, 
N > 


Hermon, 


‘Unite 1-Carr Fastener 
Mountainside, J 

(L) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Thompson-Bremer & Co., Sub American 
Machine and Foundry Co., 228 N, La 
Salle, Chicago 1, Ill (KL) 

United-Carr Fastener Corp., Cambridge 42 
Mass. (L) 


FELT 

Continental Felt Co., Ine,, 22-26 
15th, New York 11, N 

Western Felt Works, y 39 W 
Ave., Chicago 23, 


West 


Oxder 


FIBRE, PHENOLIC. 
ing, Laminating, Casting and 
Compounds 


FIBRE, VULCANIZED. 
Red, Tubing) 
Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill 
Vulcanized Fibre Co., Wilming 
De 


See Plastics—Mold 
Extrusion 


(Board, Sheet, 


L. 
Spaulding Fibre Co., Inc., Tonawanda 
N - 
Norristown 37, Pa 
Pulp and Paper Co 
York 17, N Y 


Taylor Fibre C 
West Virginia 
Park Ave.. New 


FILTER ELEMENTS, POWDERED 
METAL 


Amplex Div., Chrysler Corp., Detroit 


Alichn 
Radio Cores, Inc., 9540 Tulley Ave., 


Lawn, I 


FILTERS, RADIO 


Audio 
Minneapolis 
General Electric 
.. Schenectady 5, N,. ° 
y & Co., Inc., P. B., 


Development Co., 2836 13th Ave 
Minn, 
Apparatus Sales 
N. ¥ 
Indianapolis 


6, inc 
Sprague Electric Co., 307 Marshall, North 
Adams, Mass 
Tobe Demschnann Corp., 
United Transformer Co., 150 


York 13, 


Norwood, Mass. 
Varick, New 


FINISHES, 
Enamels, 
ing. 


FLUORESCENT, LAMP AUXILIARIES 
includes Adapters, Ballasts, Compensa- 
tors, Contre! Units, Starters and Tra 
formers. For Resistors, see R 
Instrument and Radio; also Ca nerers. 

Arrow-Hart & Hegeman Electric Co.. 
Hawthorne, Hartford 6, Conn, 

Chicago Standard Transformer Corp., 
Addison, Chicago 18, Ill. 

Trenton 4, N. 


Circle F_ Mfg. Co., J. 
Construction Mate- 


General Electric Co., 
tials Div., Bridgeport 2, Conn 
16th, Chicago 
North 


PRODUCT. See 
Paints and Varnishes, 


Lacquers, 
Finish- 


3501 


Sola Electric Co., 4633 W. 
50, Ill 

Sprague Electric Co., 307 
Adams, Mass. 

Sylvania Electric Products, Inc., 
Broadway, New York 19, N, ¥ 
Westinghouse Electric Corp., 
Center, Bldg. No, 3, 401 Liberty 

Pittsburgh 30, Pa. 


Marshall, 
1740 


Gateway 
Ave., 


FOOT SWITCHES. See Switches. 


FORGINGS 

American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn, 


FREQUENCY METERS. See Instruments 
FUSE HOLDERS, MOUNTINGS and 
CLIPS 


Burndy Corp., Omaton Div., Norwalk, 
Ce nn, 

Bussmann Mfg Div., 
St. Louis 7, 


Mo. 
Holub Industries, Ine, 
Il. 


MvGraw-Edison Co., 


445 Elm, Sycamore, 


lisco Corp., Dept. F-4, 4730 Madison 
Rd., Cincinnati 27, 

Jones Div., Howard B., 
Chicago ‘24, Il 

Electric Mfg, Co., 4227 W. 

Chicago 24, Ill. 

Sherman Manufacturing Co., H. B., Bat 
tle Creek, Mich 

dD Co., 


Ohio 
Cinch Mfg, Corp... 


Lake 


Square 6060 Rivard, Detroit 11, 


ich 


FUSES 


—— Corp., Omaton Div., Norwalk, 


Rca Mfg Biy.. McGraw-Edison Co., 
St Auis 7 
General Elec tric rr _* 
, Schenec ney 5, 
Royal Electric Corp., 
Westinghouse y 
Center, Bidg. No, 3, 401 
Pittsburgh 30, Pa 


Apparatus Sales 

N. Y, 

Pawtucket, R. I 
Corp., Gateway 

Liberty Ave., 


GAGES, TEMPERATURE, PRESSURE 
and VACUUM 

Weston Electrical eee 
sub. of yaystrom ne., 
huysen Ave., Newark 5, N 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Il 


Corp., A 
14. Freling 
J 


GALVANOMETERS. See Instruments 


GAS GENERATORS, PURIFIERS and 
INDICATORS 
hemical Div., 
J 


GASKETS 


Auburn ee nuts tur ring Co., 306-1 Stack, 
‘ 


Sub. of Ken 
Waterbury 20 


na Co 
Copper Corp., 


Chicago Rawhide Manufa ‘tucit 16 Co., 1279 
Elston Ave., Chicago 
Crane Packing Co., 124 es Morton 
Grove, Ill 
Electro Tec 

N. J 
Johns-Manville, Box 14, 
N. ¥ 


Corp., South Hackensack 


New York 16 


Co., Plastics Div 
Camden 1, 


States Gasket 
Garlock Packing Co., 


United 
f The 
N J 

Western Felt Works 
Ave., Chicago 23 


4021-4139 Ogden 
lil 


GEARMOTORS. Sce Motors 


and PINIONS 
Chrysler 


GEARS 


Amplex Div., Corp., Detroit 31 


ich 

eee sonar Works, Inc., 1035 Parmele, 

Roc 1 
Cantinenast Diamond 
The Budd Co., Newark 13, De 

Gear Specialties, Inc., 2635 W. 
Ave., Chicago 47, Ill, 

_— Keproducer Corp 149 

. sts Rochelle, N 

Me aaa Kort? Gear Co., 211 N 
Chicago 7 il 

Radio Cores, Inc., 
Lawn, Ii 

United States Graphite Co., 
Saginaw 8, Mich 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Fibre A Sub. of 


l, 

Medill 
Beechwood 
Morgan 


9540 Tulley Ave., Oak 


1621 Holland, 


GENERATORS. Sce Motors. 


GENERATORS, ELECTRONIC 


Daven Co., 536 W. Mt Ave., 
Route 10, ingston, N, . 

General LElectric Co., Apparatus 
Yiv., Schenectady 5, N. ¥ 

Genera] Electric Co., Electronics Div., 
tlectronics Park, Syracuse . = 

Howard Industries, Inc., 
Racine, Wis 


Pleasant 
J 


Sales 


1720 State. 


Rectifiers 
Crystal 


GERMANIUM DIODES. See 
Semiconductor; Transistors and 
Diodes 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A 
The Budd Co., Newark 13, Del. 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohlo 

Mycalex Corp of America, 
Clifton, J 


Sub. of 


Ctifton Bivd., 


YARNS, CLOTHS and 


oe FIBER, 
. Insulating 


See Fabrics, 


GLASS, TECHNICAL 


Hermaseal Co., 1010 Main, Elkhart, Ind 


(Tubes) 


GOLD, ROLLED (Plate and Wire) 
Engelhard Industries ae , Chemical Div. 
13 Astor, Newark 5, N. J. 
General Illate Di. "Metnla & 
Corp., 1910 Forest, Attleboro, 
Iiandy & Harman, 82 Fulwn, 

38, N, ¥ 


Controls 
Mass 
New York 


GRAPHITE. See Carbon and Graphite 

GREASE, BEARING 
Dow Corning Corp., 
(Silicone) 


Midland, Mich 


GRIPS and CLAMPS. STRAIN RELIEF 
Heyman Mfg. Co., Kenilworth 1, N. J. 
Walker Co., George, 118 Amsterdam Ave., 
Passaic, N. J 
Weckesser Co., 5711 
Chicago 30. IIL 


Northwest Highway, 


ELECTRICAL MANUFACTURING 





ENGINEERING DATA 
Contact Ratings: 





A.C. Amperes D.C. Amperes* 
Verte N.O. N.C. N.O. N.C. 


115 10 10 6 5 








230 10 10 1 1 





440 10 10 _ = 
600 10 10 —- — 


























| Non-inductive resistance loads. 


Coils: Standard a.c. coils for 110, 208-220, 440, 
or 550 volts, 50-60 cycles. Standard D.c. coils 
for 115 or 230 volts. Other coils on special order. 
Poles: 2 to 8, in all combinations of N.O. and 
N.C. contacts, convertible from N.O. to N.C. and 





vice Versa. 


+Dimensions: 





ac. | D.C. | Width | Height Depth 





4 pole - 3%" SNe 3342" 





| ” T ” ” 
8 pole — | 5% 5% 3%. 





+ 


t ; - r 
_ 4 pole 3% | 5% 3% 





ian 8 pole | 56" | 5%" 3%." 

















+ Mounting centers for all models are identical. 
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*multi-pole 


*multi-purpose 


*multi-featured 


'S 


8 POLE A.C. 


Brand new, Type HR solenoid relays are Result-Engineered to function 
as the “heart” of any control system. The Type HR is designed as a multi- 
pole relay for piloting machine and process control components where 
ultra-long life and hi-speed operation are mandatory. 

Wiping action contacts insure high electrical reliability; nylon movable 
contact carriers—separate for each pole—and nylon armature guides mini- 
mize operating friction. And, you can add to these features, interchange- 
able a.c. and d.c. power plants with molded coils. 

Simple, fast, easy installation speeds assembly into your equipment, 
saves time, cuts cost. Accessible front connected coil and contact termi-- 
nals equipped with pressure connectors . . . no lead lugging needed! 

Four basic models with up to eight unitized poles maximum; conver- 
tible N.O. or N.C. contacts —completely enclosed to keep out dust and 
foreign particles—make the HR an unusually versatile relay line. 

Ask for Ward Leonard Bulletin 4470 for complete technical data. 
Ward Leonard Electric Co., 34 South Street, Mount Vernon, New York. 
(In Canada: Ward Leonard of Canada Ltd., Toronto.) 8.6 


LIVE BETTER... E/ectrically © ith 


Circle 315 on page 17 





THE MARK OF QUALITY 
can you use this 

a miniature d-c motor 
COLMAN 





in your product ? 


inexpensive, yet high in 
quality, this compact governed d-c motor is available in 
speeds from 1500 to 5000 rpm. Designed to operate over 
a voltage range of about 4 to 30 volts d-c, it is ideally 
suited for many applications such as: drive mechanisms 
in photographic equipment . . . marine navigation equip- 
ment portable dictating machines . signal-seeking 
radios . tape players . . . and many types of portable 
instruments. Is this the answer to your design problem, too? 


WRITE FOR BULLETIN F-8792 for specifications and 
performance data. 


BARBER-COLMAN COMPANY 
Dept. J, 1803 Rock Street, Rockford, 
Circle 316 on page 17 


Called “FOPS” By Every User! 


Illinois 


STILL-MAN 
ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
* TOP QUALITY 
%* TOP WORKMANSHIP 
at LOW COST TO YOU! 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 

Millions are now in use as standard equipment in 
America’s leading nationally advertised electrical 
appliances. 

Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
youl 


STILL-MAN MANUFACTURING CORP. 


431 EAST 164 ST., NEW YORK 56, N.Y. 


Circle 317 on page 17 


GYROS 


nearton Co., 1378 Main Ave., Clifton, 
x. @ 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Ele tronics Corp., 1830 8. 54th 
Ave., Il 
Bek jen 3 *0., 33 W. Van Buren, 


Cornis ah ‘Wire Co.., 50 Church, New York 


wa Manufacturing Co., 1711 W. Hub- 
Chicago 22, I 

Electric Co Construction 

Div.. Bridgeport 2, Con 
Plastics Corp., 530 Boston 
Shrewsbury, Mass 
Switchcraft, Inc., 
Chicago 30, IIL. 


Mate- 
Tpke., 
5939 N. Elston Ave., 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., Northlake, 
Ih 

Stromberg-Carlscr A Div ef 
Dynamics Corp., 117 Carlson 
Rochester 3, N. Y¥ 


General 
Rd., 


HEATING ELEMENTS and UNITS 
, 9959 Pacific Ave., 
Park. 
Cutler-Hammer, 
Milwaukee 1, 

Driver Co., 

Highway, 
General Electric Co., 
Div.. Schenectady 5, } 
Still-Man Manufacturing ‘Corp., 
164th, New York 56. N. ¥ 
Vulean Electric Co., Danvers 2, Mass 
Watlow Electric Mfg. Co., 1362 Ferguson 
Ave St. Louis 14, M 
Westinghouse Electric 
enter, Bldg. No. 3, 

Pittsburgh 30, Pa 
Wiegand Co Edwin L 
Bird., Pittsburgh 8, Pa 


1264 St. Paul Ave., 


1875 McCarver 
N. J 
Apparatus Sales 


429-33 E 


0 

Corp., Gateway 
401 Liberty Ave.. 
7530 Thomas 


HEAT LINITERS 
Bussmann Mfg. Div., 
St. Louis 7, Mo 


McGraw-Edison Co 


HERMETIC SEALS 
minals, Hermetic 


See Seals and Ter- 


HIGH-FREQUENCY HEATING UNITS 
General Electric Co., Apparatus Sales 
Div.. Schenectady 5, N. Y¥ 

Radio Recepter Co., In 
[ 


, Semiconductor 
Div.. 240 Wythe Arve., 


Brooklyn 11, 


Westinghouse Electric 
Center, Bldg. No. 3, 
Pittsburgh 22, Pa 


Corp Gateway 
401 Liberty Ave., 


HIGH — ALLOYS. See Nickel and 
Nickel Alloy 


HOLDERS, COMMUTATOR BRUSH 
Midwest Molding & Mfg. Co., Gurnee 96 
MH 


Mycalex Corp. of America. Clifton Bivd.. 
Clifton, N. J. (Giass- Bonded Mica 

Phosaiz Electri Mfg Co., 3625 
Halsted, Chicago 13, IIL 


IMMERSION HEATER UNITS. See 
Heating Elements and Units 


IMPREGNATING COMPOUNDS. See Ce 
ment, Insulating and Sealing; Waxes 
and Compounds, 


INDUCTION HEATING. 
quency Heating Units 


See High-Fre- 


INFRA-RED LAMPS. See Lamps, Incan- 


deseent and Infra-red 


INSTRUMENTS. ELECTRICAL MEAS- 
URING AND TESTING 


a oye & Sons, John, 85 Clf, New 
) x. = 
ae Co., 536 W. Mt 
Route 10, Livingston, N 
Electro Products Laboratories, inc., 4501 
N_ Ravenswoot Ave., Chicago 40, II! 
General Electric Co. Apparatus Sales 
Div., Schenectady 5, N. ¥ 
Helipot Corp., Div. of 
ments, Inc.. P. O 
Beach, Calif 
Industrial Test Equipment 
llth. New York x. We 
National Wneumatic Co. Ine 
ey Div 125 Amory, 


Pleasant Ave 


Instru 
Newport 


Beckman 
Box 458, 


Co, 55 E. 


. Holizer- 
Boston 19, 


& Electronic Co., 


Phaostron Instrument 
151 South Pasadena, 


Pasadena Ave., 
Calit 
revision Apparatus Co.. Inc., 
Glendale 27, L. 1, N. ¥ 
Radio Corp. of America, 
Ridg. 15-1, Camden, N. 
Texas Instruments Incorporated, 6000 Lem- 
men Ave., Dailas 9, Texas 
Westinghouse Electric Corp., Gateway 
Center, Bldg., No. 3, 401 Liberty Ave., 
Pittsburgh 22. Pa 
Weston Electrical Instrument 
sub. of Daystrom. Inc., 6 
huysen Ave. Newark 5. N. 
Wheelco Instrument Dir., Barber-Colman 
Co.. 1403 Rock. Rockford. Ill 


70-31 84th, 


“Dept. 0-44, 


Cor 
4 pemibiaae 
J 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic; 
Recorders, Magnetic. 

Berkeley Div. of Beckman 
Inc., 2200 Wright Ave., 
Calif 

Brush Instruments, Div 
3405 Perkins Ave., 


Instruments 
Richmond 3, 


of Clevite Corp., 
Cleveland 14, Ohio 


Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston. N. J. 

Dumont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N.J. 

Hewlett-Packard C 4621M Page Mill 
Rd@., Palio Alto, Calif. 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N 

Industrial ig Equipment Co., 55 E. 
New York 3, N. Y. 

ae Inc., 40 E. 


llth 
Verdugo, Burbank 
Tinton 


Bidg 


Siannel c Amplifiers ee 632 
Ay New York 55 x 

Radio € orp of America ® 0-44, 
15-1, Camden 

Sanborn Co., Industrial Div., 
Waltham 54, Mass 

Varian Associates, 
Alto 23. Calif 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Ir 614 Frelinghuy- 
sen Ave Newark 5 


175 Wyman, 


Instrument Div., Pa 


N. J 


INSTRUMENTS, LABORATORY 
STANDARD 
Chatillon & Sons, 
Tor’ N. ¥ 
Electro Products 
N. Ravenswood Ave., 
General Electric Co., 
Div., Schenectady 5, } 
Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 
Weston Electrical instrument 
i of Daystrom, Inc., 614 
Ave.. Newark 5, N. J 
reelco Instrument Dir Barher-Colman 
Co., 1408 Rock, Rockford, Ml. 


John, 85 Cliff, New 

Laboratories, Inc., 4501 

Chicago 40, Ill 
Apparatus Sales 


Corp., A 
Frelinghuy 


INSULATING MATERIALS. See foltow 
ing specific headings: 
Cement, Insulating and Sealing 
Ceramics 
Cork and Cork Compositions 
Fabrics Insulating 
elt 
Fibre Vulcanized 
Glass-Bonded Mica 
Insulation, Wire and Cable 
Mica, Molded and Laminated 
Paper, Insulating 
Plastics, Molding. Laminating, Casting 
and aresion Compounds 
Plastics, Sheets, Rods and Tubes 
Rubber and Rubber Products 
Silicones 
Sleeving and Tape, Asbestos 
Tape and Sheeting, Synthetic Resin 
Tape, Friction and Splice 
Tubing and Sleeving, Braided Fabrie 
Tubing ana Sleeving, Extruded Plastic 
Tubing, Paper 
Varnishes, Compounds 
sulatir 
Wares ar nd Compounds 


and Resins, In- 


INSULATION. WIRE and CABLE 
(Ceramic and Synthetic) 


Americar Lava Corp., Chattanooga 
Tenr 

Dow Corning Corp., Midland, Mich 

du Pont de Nemours & Co Ine FE. I 
*lastics Dir., Polychemicals Dept. 
Wilmington 98 el 

Genera! Electric Co., Construction 
tials Div., Bridgeport 2, Conr 

Oronite Chemical A 200 Bush, San 
Francisco 4, Ca 

Sprague Electric _. 807 Marshal! 
Adams, Mass 


Mate- 


North 


1RONS SOLDERING. 


Equipment 


ISOLATORS, VIBRATION and SHOCK 
See Mountings, Rubber and Synthetic 


JEWEL 
Lights, 


LIGHT 
Pilot and 


ASSEMBLIES See 
Indicator 


JOINTS, UNIVERSAL 

Apex Machine & Too! Co., 1042 8 
son Blvd., Dayton 2, Ohio 

Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, Ill 


KNOBS, CAPS and HANDLES 

Molding Co., Harry, 1428 N 
Wells, Chicago 10, Ill 

Midwest Molding & Mfg. Co., 123 Notary 
Dr., Gurnee 96 il 

Rogan Brothers, 8027 N. Monticello Ave., 
Skokie 


Patter- 


4802 W 


Davies 


LACQUERS. 
VARNISHES, 


Allied Research 
FE 


ENAMELS PAINTS and 
FINISHING 
Products, Inc 
Monument, Baltimore 5, Md 
Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa 
Dow Corning Corp., Midland 
(Silicone Resins and Varnishes) 
du Pont de Nemours & Co., (Inc.), E. I 
Finishes Dept Wilmington ¥8, Del 
Sherwin-Williams Co.. General Industrial 
Dir., Cleveland 1, Ohio 


LAMINATED METALS. PRECIOUS and 
BASE (Sheet, Tube and Wire) 

Brainin Co.. C_ S., 320 Washington, Mt 
Vernon, 4 

General Plate Dir 
Corp., 1910 

Hangy & Liatwan, 
_ = 


1004-06 


Mich 


Metals and Controls 
Forest, Attleboro, Mass 
82 Fuiwn, New York 


LAMINATED PLASTICS. See Plastics 
LAMINATIONS, MOTOR and 
TRANSFORMER 
Magnetic Metals Co., 
2ist, Camden 1, N. J. 
Magnetics, Inc., Box 391, 


Hayes Arve. at 
Butler, Pa. 
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You have no 
size barrier 


with ARNOLD 
MOLYBDENUM 
PERMALLOY 
POWDER CORES 


Starting with the smallest up to the largest, Arnold leads 
the way in offering you a full range of Molybdenum 
Permalloy Powder cores for greater design flexibility 
from 0.500’’ O.D. to 5.218’ O.D 

As long ago as 1953 Arnold pioneered and developed 
for production use the small “Cheerio” core illustrated 
above Today, hundreds of thousands of Arnold ‘‘Cheerio”’ 
cores are filling the requirement for miniaturization in 
circuit design in industrial and military applications. And 
even smaller sizes have been developed by the Arnold 
Engineering Company and are available 

Arnold also is the exclusive producer of the largest 125 
Mu core commercially available. A huge 2,000 ton press 





For more information write for 
Bulletin PC-104B 
Lists complete line of Mo-Permalloy Powder 
cores ... available in 23 sizes from 0.500” O.D. 
to §.218” O.D. Furnished also with various types 
of temperature stability from Type “A” un- 
stabilized to Type ‘‘W"’ stabilized over the tem- 
perature range of —65° F to +185° F. 


ADDRESS DEPT. EM-810 
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is required for its manufacture and insures its uniform 
physical and magnetic properties. This big core is also 
offered in the other three standard permeabilities of 60, 
26 and 14 Mu. 

Most core sizes can be furnished with a controlled 
temperature coefficient of inductance in the range of 30° F 
to 130° F. Many can be supplied temperature stabilized 
over the wide range covered by the MIL-T-27 specification 
of —55° C to +85° C .. . another of the special features 
only Arnold provides. @ Let us handle all your magnetic 
materials requirements from the most extensive line in the 
industry: Powder cores, tape cores, cast or sintered Alnico 
permanent magnets, and special magnetic materials 


ws 


THE ARNOLD ENGINEERING (SOMPANY 





Main Office & Plant: Marengo, Illinois 


Repath Pacific Division Plant: 641. East 61st Street, Los Angeles, Calif. 


. * 4 


District Sales Offices: 
Boston: 49 Waltham St., Lexington os Angeles: 3450 Wilshire Bivd. 
New York: 350 Fifth Ave. Washington, D.C.: 1001-1 5th St. N.W.. 


Circle 318 on page 17 





low-cost” 
snap-acting 
SWITCHES 


AUTOMA 
DEVICES 


give all these advantages 


@ More actuator types 
than before available, including hinged-lever. 
@ New step-design 
for better resistance to moisture and dust. 
@ Sealing for splash-proof operation, when requested. 


@ Interchangeability with popular types 
of snap-acting appliance switches. 
®@ Quick-connect terminals 
for fast, secure electrical connections. 
@ Two Unimax switch types, 
A and WL, supply any demand 
for new, modern automatic- 
equipment switches. 
@ High rating 
15 amp. 125, Type A — 


the basic switch, 
250 v. a-c. button actuator. 


Type AL — 
with integral leaf-actuator. 


Type AQ — with threaded sleeve 
for panel mounting. 


Type AJ — for pane! mounting, with 
overtravel plunger. 


Type AT — 
hinged-lever actuator 
for light operate force, 
long overtravel. 


Write today 
for information on 
Unimax precisicn switches. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 


Circle 319 on page 17 


Thomas & Skinner, Inc 1114 KE. 28rd 
indianapolis 7, Ind 


LAMPS, FLUORESCENT 

General Electric Co., Nela Park, Cleve 
land 12, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Vittsburgh 30, Pa 


LAMPS. INCANDESCENT and 
INFRA-RED 

General Electric Co., Nela Park, Cleve 
and 12, Ohio 

Westinghouse Electric Corp Gateway 
Center, Bidg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, MERCURY VAPOR 

General Elec ‘o., Nela Park, Cleve 
land 12, Ohio 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


LAMPS, MINIATURE (Pilot and Indi- 
cator) 

General Electric C Miniature Lamp 
Dept... Nela Park, Cleveland 12, Ohio 

Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


LAVA. See Ceramics 


LAYOUT FLUID 
Dykem Co., 2303F N_ llth, St, Louis 6 
Mo 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co., Van 
deventer and Easton Aves., St. Louis 13 
Mo. 


LIGHTS, PILOT and INDICATOR 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 
Cannon Electric Co. Dept 500 3209 
Humboldt, Los Angeles 31, Calif 
Crouse-Hinds Co., Syracuse 1, N 4 
Dialight Corp., 44 Stewart Ave Brooklyn 
Te 
Drake Manufacturing Co 1711 W. Hub 
bard, Chicago 22. Ill 
General Electric Miniature Lamp 
Dept Nela Park, Cleveland 12, Ohio 
Manufacturing Co., 211 Bartholomew 
Hartford 1, Conn 
Hetherington Inc 1200 
Sharon Hill. Pa 
Johnson Co., E. F., 2331 Second Ave., 
S.W., Waseca, Minn 
Square D Co., 4041 N 
waukee 12, Wis 


Elmwood Ave 


Richards,. Mil 


LOCKNUTS and LOCK WASHERS 


See Fasteners 


LUBRICANTS 
Shell Oil Co., 50 W. 50th, New York 20, 
N. ¥ 


LUBRICATORS, OIL and GREASE 
Madison-Kipp Corp., 214 Waubesa, Madi 
son 10, Wis 


LUGS and TERMINALS 

AMP Incorporated, 5284 Eisenhower Blvd 
Harrisburg, Pa 

American Brass Co 

Buchanan Electrical Product 
Route 22, Hillside. N. J 

Rurndy Corp., Omaton Div 
Conn 

Manufacturing Co., 211 Bartholomew 

Ave Hartford 1. Conn 

Wleyman Mfg. Co., Kenilworth 1, N. J 

lisco Corp., Dept ¥ Madison 
Rd., Cincinnati 27 

Johnson Ce., A £ 
8.W Waseca, Minn 

Jones Div., Howard B 
Chicago 24 Wl 

Krueger & Hudepoh!, 1043 Evans, Cin 
cinnati 4, Ohio 

Malco Tool and Manufacturing Co.. 4021 
W. Lake, Chicago 24, Ill 

Mycalex Corp. of America, Clifton Bivd 

. 7 


Waterbury 20. Cx 
s Corp 


Norwalk 


Second Ave 


Cinch Mfg. Corp 


35 Verona Ave., Newark 4 


Sealectro Corp.. 610 Fayette Ave.. Mama 
roneck, N. Y 

Sherman Manufacturing Co., H, B., Bat 
tle Creek, Mich 

Thomas & Betts Co Inc 28 
Elizabeth 1. N. J 

Thompson-Bremer & Co Sub 
Machine & Foundry Co 22 
Salle, Chicago 1, Il 


Butler 


American 
8 la 


MACHINES. See specific headings 
Balancing: Coil Windine: Drafting Ke 
production; Eyeleting; Moldin Plastic 
Rivet Setting; Screw Driving; Stripper 
Wire; Vibration Test; Welding 


MAGNETIC AMPLIFIERS 


Airpax Products Co., Fort Lauderdale, 

Fila 

Ierkeley Div. of Seckman Instruments, 
2200 Wright Ave., Richmond 3, 


1, Box 391, Butler, Pa 
Fidelity Instrument Corp 1000 E 
Boundary Ave., York, Da 
General Electric Co., Apparatus Sales 
Biv., Schenectady 5, N. Y 
Kearfott o., Inc., 1378 Main Ave., 
Clifton, N. J 
Magnetic Amplifiers Inc., 632 
Ave., New York 55, N. Y 


Tinton 


Viikers Electric Div 
lacust, St. Louis 3 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


Vickers Inc., 1803 
Lo. 


MAGNETIC BRAKES. See Brakes, Mag 
evic 


MAGNETIC MATERIALS. See Steel 
Electrical; Magnets, Permanent; Mag- 
netic Recorder Components; Powdered 
Metal Products. 


MAGNETIC RECORDER COMPONENTS 
Wilbur B 1875 McCarter 
Newark 4. N. J 
Mining & Mfg Co., Electrica 
Div 900 Fauquier Ave., St 
Minn (Tape) 
erg -Carison A Div of Genera! 
Dynamics Corp 117 Carlson Rd 
a 2 


Rochester 3 


MAGNETS, PERMANENT 

Arnold Engineering Co., 
(Magnetic Alloy Cores) 

General Electric Co Metallurgical Prod 

ucts Dept 11131 8 Mile Ave., De 

roi: 32. Mich 

jana Steel Products Co., 
nd 

Thomas & Skinner In 1114 E. 23rd 
Indianapolis 7, Ind 


Marengo, Ill 


Ind Valparalse 


MAGNET WIRE. Sce Wire, Magnet 
MARKERS, IDENTIFICATION 
National Band & Tag Co., Dept, 9-254 
Newport, Ky 
Natvar Corp., 207 Randolph Ave., Wood 
x. @ 


bridge 


MATERIALS HANDLING EQUIPMENT 

Continental-Diamond Fibre, A Sub, of 
The Budd C Newark 13, Del 

anized Fibre Co., Wilming 


Myers, In 
Springfield, Ohio 
Fibre Co Inc., 


Crane & Hoist 
Tonawanda, 


MERCURY RELAYS. See Relays 
MERCURY SWITCHES. See Switches 


LAMINATED. See Laminated 


Precious and Base 


METALS 
Metals 


METALS, PRECIOUS. See Gold; Lami 
nated Metals; Platinum; Silver 
METALS, RARE 


Metallurgical Corp., North Chi 


Fanstec 


Indianapolle 


as Tl 
Mallory & Co., I P. B.. 
8 


Ind 


METERS. HOUR 

Hayd I of General Time Corp., 253 
Elm, Torrington, Conn 

naustria Timer Cory 1411 MrCarter 
Highway, Newark 4 J 

MICA GLASS-BONDED. See Glass 
Bone Mi 


ted a 


MICA. MOLDED and LAMINATED 
(Sheets, Plate, Tape, Tubes, Rings 
Segments, Washers, ete.) 

Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del 

Electric Co., Laminated Products 
Coshocton, Ohio 
Manufacturers Corp 565 W 
Washington Bivd., Chicago 6 ll 
Macallen Co., Bay Rd.. Newmarket, N. H 


MICROPHONES 

American Microphone Electronics Dis 
Elgin Natic 370 8. Fair 
Oaks Ave 

Genera Electri Apparatus Sales 
Div., Schenectady i = 


MICROSCOPES, INSPECTION and 
MEASURING 

Bausch & Lomb Optical Co., 84717 St 
Paul, Rochester 2, N. Y 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas 
tics; Rubber 


MOLDING MACHINES, PLASTIC 

Automatic Molding Machine Co., Sub of 
Wagner Brothers , 400 Midland 
A Detroit 3, M 

Moslo Machinery Cc 
Cleveland 15, Ohio 


Prospect Ave 


MOLYBDENUM—(Sheet and Wire) See 
also Contacts 


Faustee] Metallurgical Corp., North Chi 


cag 1 
Mallory & Co., Inc., P. R., Indianapolis 


6. Ind 

MOTOR CONTROLS and STARTERS. See 
Controllers, Motor; Vush Button Sta- 
tions 

MOTOR GENERATOR SETS 


Kato Engineeri Co., 128 Maxfield Ave., 
Mankato, Minn 
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SPIRAL BEVELS 
SPURS... ZEROLS 
WORMS... SPLINES 


SEND FOR GS. technical data, free! G.S. gives you GROUND TEETH 
See where and h . ‘. 


ow we mdss- 
manufacture Small Gearing to uni- . ® 
formly fine tolerances. Folder con- fo rmaximum d 5 mension al accurac y 
tains 23 pictures of Small Gears, 
Oe Se a hk tee Every precaution must be taken to avoid dimensional distortion in many critical 


your copy on company stationery, gear applications —such as, for example, with the Spur and Worm combination 
please! at the left and the Zerols at top right (both for aircraft uses); or where excep- 
tionally high finish is desirable to give smoother unit performance, as with the 
Spur Gears (for a pump application) at the lower right of the illustration 

Special equipment of the most modern design allows G.S. to handle such re- 
quirements most effectively with ground teeth. This method of manufacture 
corrects heat-treat distortion which takes place with hardened gears, as well as 
permitting extremely high finish. 

G.S. can supply ground teeth in Spur Gears as fine as 24 pitch up to 8 d.p.; in 
Zerols or Spiral Bevels, from 24 d.p. to 6 d_p.; in Worms, from 96 d.p. to 8 d.p.; 
and straight side or involute Spline Shafts. 

This is only one of the many special operations which can be provided in our 
magnificently equipped plant—or we can supply you units with less complex 
Specialties, Inc. requirements, made with custom precision at production-run economies. Call in 
our skilled engineers to discuss your problems — it’s worth a lot to have G.S. on 


2635 WEST MEDILL AVENUE i ' 
CHICAGO 47, ILLINOIS your production team! 


Circle 320 on page 17 305 


SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS * THREAD GRINDING 
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nm INTERNATIONAL AMPHITHEATRE 
mene, ILL. 


NOV. 17-2I 


What’s new in plastics? Visit 
the show and keep abreast of 
—+ this ever-changing industry. 

See all that’s latest and best 

... new plastics you can use in 
your products. New equipment to speed production 
... find out how to make bigger profits through use 
of plastics. Write for free tickets now . . . use your 
company letterhead, please—the general public 
won't be admitted. 


FIND OUT How \ 
| You CAN USE 
\“PLASTICS FOR. 
PROFITS” 


SPONSORED BY: 
THE SOCIETY OF THE PLASTICS INDUSTRY, INC. 


250 Park Avenue, New York 17, N. Y. 
Circle 321 on page 17 


TINY KEY TO TOMORROW’S FUTURE 
NEW SEMICONDUCTOR DEVICE 


SHalltron, 


TYPE HS-5! 


The HS-51 HALLTRON is based 
upon the Hall effect. Its output 
characteristics are related to the 
product of the input current and 
magnetic field, hence are use- 

ful in many new applications. 

The HS-S1 Halltron is a fully 
developed production unit 
utilizing indium antimo- 

nide and is designed to 

work in the customer's @ DC to AC converters 
magnetic circuit. The @ Magnetic field measurement 
thin encapsulated unit Typical Room Temperature Characteristics 
provides the stréngth . 

and durability nec- 
essary for circuit 
applications. 


Applications 
of the HS-51 
HALLTRON 
include: 
© Gyrators 
e Transducers 
e Circulators 
@ Power meters 
@ Control applications 
@ Computer applications 





Typical open 
circuit Hall out- 

put voltage of 

on HS-51 HALL- 
TRON vs. mag- 
netic field strength 
for vorious values 
of control current Ic. 











MACHEN FLD STRENGTH  RNOGAUSS 


MICONDUCTORS, INC. 


1035 W. THIRD AVENUE e scamane 8, OHIO 


Circle 322 on page 17 





MOTORS 


Miniature Timing Motors, Geared 


Subfractional, Under 1/20 Hp. 


Practicnal, 1/20, % Hp. 





Integral, 1 to 744 Hp. 


Integral. Over 14) Hp. 


Gearmotcrs 


Generators 


Low Voltages (Under 110) 





0 
re) 


Univ. Synch. 


: 


e|0/ 0) 


N| <| Ww! 0] 


aa 
| 
& 
| 
pow 
= 








Air-Marine Motors, Inc., Amityville 
Allis Co.. The Louis, 
(KLNOQRUVYZ) 
Ashland Electric 
— Bivd., 
AB) 


Milwaukee 7, Wis 


32-02 
N. ¥, 


Products, Inc., 
Long Island City 1, 


Baldor Electric Co., 4353 Duncan 
St. Louis 10, Mo. (FGKLN) 

Barber-Colman Co., 1803 Rock, Rockford, 
I (RCOKYZ) 


Ave., 


2506 W. Bradley Pl 
ABC DEFGHIJQRTYZ&) 
ee D. 601 W. 26th, 

Century Electrie Co 1; Oe Louis 

8 Mo (FGKLNOPQRUVV 

Clifton Precision Products Co., 

ton Heights, Pa (Servo) 

Controls Co. ot America, 9551 

Ave., Schiller Park, Ill 

Cramer Controls Corp., Box 8&8, 

brook, Conn. (A) 

& Ttd., 402 E. Gutierrez, P. O 

Box 1500, Santa Barbara, Calif. (U) 
Diehl Manufacturing Co., Electrical Div. 

of The Singer Manufacturing Co., Som- 

erville, N. J. (BCFHKNQYV) (Servo) 

Doerr Electric Corp.. 510 N. 4th Ave., 

Cedarburg Wis, (FGKL) 
Eaton Mfg Co., Dynamatic Div., 3307 
Fourteenth Ave., “wey Wis, (FEN) 

Electric Specialty Co. south, Stam- 

ford, Conn. (FGJKL MNOPU VWwYZ) 

Emerson Fesrie ae Co., St, Louis 21, 

Mo. (FGJKLMQR 

General Flecri Co, 

Div., Schenectady 

(Be “DEFG H. SKL MNOP QRSTU VWYZ&) 
General indemries Co., Dept, GL, Elyria, 

Ohio (BQY 
Globe haan Inc., 
(BC) 


Fine, St. 
VYZ) 
Inc, Clif- 
Soreng 


Center- 


Apparatus Sales 


Dayton 4, Ohio 

Hagen Mfg. e. Inc., 202 Twentieth, 
Moline, [il ABCDE) 

Hansen Baer Rees Coe., Inc., 
3, Ind. (ABCEVXYZ) 

Haydon Co., A W., 234 N. Elm, 
bury 20, Conn (CXZ) 

Haydon, Div. of General Time Corp., 2531 
Eim, Torrington, Conn, (ABCX\Z) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (RCDFZ 


Princeton 


Water- 


Helipot of Beckman Instru- 


Corp., Dir 
l. O. Box 458, Newport 
National Pneu- 

25 Amery. Boston 19, 
( ‘ACERGHQU VES) 
Industries, Inc 720 State. 
Racine, Wis. (ABC DEFGHQRTU vYZ) 
Induction Motors Corp., 570 Main, West- 
. LL, N. ¥. (BE) 
Motor Corp., Dept. B, 28 W. 
Washington Ave., Pearl River, N. Y, 
Janette Electric Mfg. Co., Morton Grove, 
Ill. (FGKLQRUV) 

Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N. J. (Servo) Y 

Lamb he Co., (BCDEF 
GHJQRS 

Master Paecteic Co., Div, of Reliance Elee- 

and Engineering Co Dayton 1, 
(FGJKLMNOP eget v Ky ) 
Merkie-Korff Gear Co., 2 Morgan, 
a 7, Il. (ABC DEFGHJORST. 


Moen “Trading g Co., 7 W. 24th, New York 
Cc) 


10, 

Molon | Motor and Ceil Corp., 2432 W 

George, Chicago 18, Ill = 
Manufacturing Co., John, Avionie 
Racine Wis (Be FGHUVY&) 

(Servo and Synchro) 
Rae Motor Corp., 2009 Kewanee, 

Wis (BCDFGHYZ&) 
Reliance & Engineering (Co.. 
Cleveland 17, Ohio 


Electric Co., Calif 


(KNQ) 

Robbins & Myers, Inc., Motor Div., 
Springfleld, Ohio (BC ‘DEFGJKNU ’ 
Roverishaw-Fultoun Controls Co. Acro 

Div., Columbus 16, Ohio (B) 
Smith Corp., A. O., Electric Motor Div., 
Tipp City, Ohlo (FGKLNOQR) 
Sterling Electric Motors, Inc., 5401 Tele- 
Staph. Kd., Los Angeles 22, Calif 
(FKNQ) 
Ther Electric & Machine Works, 11A 8 
, Chicago 6, Ill 
Electric Corp., 6454 Plymouth 
.. St. Leuls 14, Mo. (FGKLNYZ) 
Westinghouse Electric Corp., Gateway 
rene Bldg., No. 3, 401 Liberty Ave., 
tsburgh . Pa. (BCDEFGHJIKLM- 
NOPQHSZ&) 


(U 
Kent, Ohio 


Racine, 


Reuland Alhambra, 
N 





MOTORS and GENERATORS. See Motors 
Cable. 


MOUNTINGS, RUBBER and 
SYNTHETIC 


Johns-Manville, Dutch Brand 
7800 Woodlawn Ave., 


Preducts, 
Chicago 18, Ll 


MOVEMENTS, CLOCK and TIMING 
Haydon Co., A, W., 234 North Elm, 
Waterbury 20, Conn 
Haydon Div. of General 

Elm, Torrington, Conn. 


Time Corp, 253 


NICKEL and NICKEL ALL®@YS 
(Rod, Sheet, Tubing, Wire) 

American Brass Co., Waterbury 20, 
(Cupro- Nickel) 

Carpenter Stee] Co., 115 W, 
ing, l’a 

Chase Brass & Copper Co., Sub, of Ken- 
necott Copper Corp., Waterbury 20, 
Conn 

Driver Co, Wilbur B., 1875 
Highway. Newark 4, N. J, 

Driver-Harris Co., Harrison, N, J, 

General llate Div., Metals and Controls 
Corp., 1910 Forest, Attleboro, Mass 

Internativuai Nickel Cu., inc., 67 
New York 5, N. Y. 

Riverside-Alloy Metal Div., H, K, 
Co., Inc.. Riverside, N. 3 

Somers Brass Co., Inc., 110 
Ave., Waterbury, Conn, 


Conn, 


Bern, Read- 


McCarter 


Wall 
Porter 
Baldwin 


NICKEL-SILVER 
(Red, Sheet, Tubing, wire) 


American Urass Co., Waterbury 20, Tonn. 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 76. 


Conn. 
Riverside-Alloy Metal Div., H, K. Porter 


Co., Inc., Riverside, N, J 

NUTS. See Fasteners 
OHMETERS, See Instruments 
OILERS. See Lubricators, O11 and Grease 
OSCILLATORS. See Instruments. 
OSCILLOSCOPES. See also Instruments, 


Electronic; Recorders, Oscillographic 


Dumont Laboratories Inc, ue B., 760 
Bloomfield Ave., Clifton, N.J. 


General Wlectric Co., Apparatus Sales 
: fy 


"Page Mill 


Tube Div., 
Los Angeles 


Hughes Products, Electron 
International Airport Sta., 
45, Calif 

RCA Electron Tube Div., 
of America, Harrison, N. 

Weston Electrical Instrument Corp., A sub 
of Daystrom Inc., 614 Frelinghuysee 
Ave., Newark 5, N. J 


Radio Corp 


PACKING, See Gaskets 


PAINTS. See Lacquers, Enamels, 
and Varnishes, Finishing 


Paints 


PALLADIUM. See and Piat- 


inum Products 


Platinum 


PANEL CONTROL UNITS 


Allen- agp rg! — 1316 8. 
waukee 4, 
Arrow- Hart a _— Plectrie Co., 1038 
Hawthorne, Hartford 6, Conn. 
Clark Controller Co., 1146 E. 
Cleveland 10, Ohio 
Cutler-Hammer Inc., 
Milwaukee 1, Wis 
Eagle Signal Corp., 202 20th, 
General Electric Co., 
Div., Schenectady ! 
Heinemann, Electric Co. 


Second, Mil- 


152nd, 


1264 St. Paul Ave., 


Moline, Ill. 
sApparatus Sales 


Noo Plum, Tren- 
_— N. Richards, Mil- 


D Ttectrie Co., 34 South, 
wistienbenn o Blectric ewa 
Center, Bldg. No. 8, 401 Liberty ave, 
HS 22, Pa. 
= Instruments Div., Barber-Colman 
1403 Rock, Rockford Til. 


PANELS, DIAL. 


Corp., Gate 


See Dials and Panels. 


PANELS, SHEET STEEL. See 
Metal Fabricators 


PAPER INDUSTRIAL 

Cottrell Paper Co., Inc., 88 Purchase, 
Fall River, Mass. 

Mosinee Paper Milis Co., Mosinee, Wis. 

West Virginia —_- and ree Co., }0 
Park Ave., New York 17, N 


Sheet 


ELECTRICAL MANUFACTURING 





The 


{EARS OF miter, 


Panel builder 


CUTLER HAMMER News for and about Panelbuilders 


7 


Cutler-Hammer Inc., Milwaukee, Wis. 


Division: Airborne Instruments Laboratory. foreign: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; 


Intercontinental Electronics Corporation, Inc. 





CUTLER-HAMMER MOTOR 
DISCONNECT SWITCH SIMPLIFIES 
PANEL ASSEMBLY 


Panelbuilders using the Cutler-Hammer 
10904 Motor Disconnect Switch report 
it provides important savings in time 
and effort in the assembly of their con- 
trol panels. The complete unit consists 


%” radial adjustment of the cover mounted mech- 
anism assures correct alignment with panel 
mounted disconnect switch. 


of a contactor type disconnect switch 
mechanism, adjustable operating shaft, 
cover interlock, and external operating 
mechanism. The switch mechanism uses 
the same basic structure of the famous 
Cutler-Hammer Three-Star Contactor, 
and is easily panel mounted and wired. 
To mount the external operating handle 
mechanism, five holes are drilled in the 
cover following template directions pro- 
vided with each unit. Exact alignment 
of these mounting holes with respect to 
the switch mechanism isn’t critical. 
Compensation for misalignment is pro- 
vided through the operating handle 
mechanism’s 7/16” radial adjustment. 
The Cutler-Hammer 10904 Motor Dis- 
connect Switch can be used in any en- 
closure where the panel-to-cover depth 
is between 5%” and 20%”. External 
operating mechanisms are also avail- 
able for type F, G, J, K, KL, and L 
circuit breakers. For further informa- 
tion write for Bulletin 10904-V-231. 
Cutler-Hammer Inc., Milwaukee 1, 
Wisconsin. 
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CONTROL PANEL CORPORATION SUPPLIES 
HYDRAULIC PRESSURE GENERATOR CONTROL 


One of thirty hydraulic pressure control units supplied by the 
Control Panel Corporation equipped with Cutler-Hammer Components. 


During the past five months the Con- 
trol Panel Corporation of Chicago, IIli- 
nois, has supplied a large number of 
these compact, NEMA 12 enclosed 
hydraulic pressure generator control 
units. The control units are used in con- 
junction with high speed riveting on a 
mass production assembly line. Typical 
of the control equipment used on 
high volume production machinery, 








PANEL BUILDERS HANDBOOK SIMPLIFIES 
SELECTION OF ELECTRICAL COMPONENTS 


This handy 70 page reference guide is 
specifically edited to assist design engi- 
neers and control panelbuilders in the 
selection of electrical control compo- 
nents and control accessories. Every 
effort was made to make this book as 
concise as possible, and yet it includes 
such vital information as wiring dia- 
grams, dimension drawings, ratings, 
ordering information, and a maintained 
price list. Address your request for your 
personal copy of Bul. EE120-V-231 
on your company letterhead. 
Cutler-Hammer Inc., Milwaukee 1, 
Wisconsin. 


Circle 323 on page 17 





every effort was made in the choice of 
the components to insure dependable, 
trouble-free operation. 

Mr. H. A. Hart, President of the Con- 
trol Panel Corporation, reports: “It 
has been our experience the proper per. 
formance of any machine powered b>» 
electric motors depends directly upor 
the control equipment used . . . no ma- 
chine can be more dependable than the 


Mr. H. A. Hart 


control which directs and protects it. 
This is why we and many of our cus- 
tomers consider a component’s record 
of performance an important factor 
when selecting the components to be 
used in the controls we supply.”’ 








SPECIFY 


ELECTRICAL 
INSULATING MATERIAL 


Meets all Class B requirements 
Dielectric strength — 600 volts per mil 
Tensile strength — 25,000 Ibs./sq. in. 
Thicknesses from .010 to .025” 

An asbestos-glass laminate 

No delamination or fraying 

High impact strength and arc resistance 
Will take any electrical varnish 


REPRESENTATIVES 


Minneopolis—D. A. Schultz Co 
Mobile—Russell Electric Co. 


Atlonta—Brownell Distributors, Inc 
Atlanto—Electrical Insulation Suppliers 
New York—Brownell Distributors, Inc 
Newark—Electric Motors & Parts Corp 
Oklahoma City—Butts Electric 
Supply Co 

Oklahoma City—John H. Cole Co 
Philadelphia—Electrical Maintenance 

Equipment (o 
Pittsburgh—Herbert J. Graham 
Rochester—Allied Electrical 

Insulation, Inc 
Salt Lake City—J. R. Christensen Agency 
San Francisco—Tri-State Supply Corp 


Boston Area—Brownell Distributors, 
Inc., Cambridge, Mass 
Boston Area—Insulating Fabricators of 
New England, Inc., Watertown, Mass 
Chicago—Federal Insulation Co. 
Cleveland—C. J. Voneman Company 
Dallas—Electrical Supply Corp. 
Dollas—Summers Electric Co 
Denver—Electric Motor Supply Co. 
East Rutherford, N. J.—Insulating 
Fabricators, Inc 
Forth Worth—Electrical Supply Corp Seattle—Tri-State Supply Corp. 
St. Lovis—Dale J. Painter 
Stamford, Conn.—J. A. Jones 
Toronto—Electric Insulation & 
Fibre Co., Ltd 
Woodbridge, N. J.—Chalker Insulation Co 


Hamilton, Ontario—Buntin, Gillies & 
Co., Ltd 

Houston—Houston Industrial Supply Co 

Kansas City, Mo.—Ace Electric Co. 

Los Angeles—Tri-State Supply Corp. 


Write for literature and free sample. 


PAPER COMPANY, INC. 
88 Purchase St. * Fall River, Mass. 


Circle 324 on page 17 


PAPER, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn 
Continental-Diamond Fibre, A Sub, of 
The Budd Co., Newark 13, Del 
Cottrell Paper Co., Inc., 88 Purchase, 
Fall River, Mass 
General Electric (Co., 
Decatur, Ill 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, 111 
Irvington Div Minnesota Mining & 
Terrace, 


Plastics Dept., 


Manufacturing Co., 9 Argyle 
Irvington 11, N. J 
SE Manville, Box 14, New York 16, 


Mosinee Paper Mills Co Mosinee, Wis 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del, 
Natvar Corp.. 207 
bridge, J 
Spaulding "Fibre Co., Inc 
N 


Randolph Ave., Wood- 
Tonawanda, 


West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y 


PAPER, PHOTOGRAPHIC 

REPRODUCTION 

Ozalid, A Dic, of General 
Film Corp., Johnson City, N 


PAPER TRACING. 


See Tracing 
Film and Paper 


Cloth 


PERMANENT MAGNETS. See Magnets 


Permanent 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 

American Brass Co., Waterbury 20, C 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conr 

Mallory & Co., Inc., P. R., Indianapolis 
6, lr 

Miller Co 

itiverside-Al tal K 
Co., In Riverside 


Porter 


PHOTOELECTRIC CELLS and TUBES 
Electric Co 


General Apparatus Sales 
Div Schenectady 5, N Y (Photo 
electric Cells) 

General Electric Co., Electronic Component 

Schenectady 5, N. Y. (Photoelec 
Tube Dir ri 
ff America, Harrison, N. | 

Vickers Electric Div Vickers Inc 180 
Locust, St, Louis 3, Mo 


Radio Corp 
J} 


PHOTOELECTRIC CONTROLS 
General Electric Co., 


Div Schenectady 5 
Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 

Pittsburgh 30, Pa, 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J. 


Apparatus Sales 
N. ¥ 

Gateway Cen 
Liberty Ave., 


PILLOW BLOCKS. See Blocks, Pillow 


PINS, COTTER and LOCK. Sce Fasteners 


PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics. 

PLASTICS, MOLDERS, EXTRUDERS 
and FABRICATORS 


Ace Plastic Co., 91-64 Van Wyck Pxpress 
way, Jamaica 35, N. Y¥ 

— Insulator Corp., New Freedom 

Anchor Plastics Co., Ine., 36-36 36th 
Long Island City 6, N & 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn 

Barber-Colman Co., 
ll 


Borden Co., 
bara, Calif 

Chicago Molded Products Corp., 1024, 
North Kolmar Ave., Chicago 51, iii 

Continental-Diamond Fibre, A Sub. of The 
udd Co., Newark 13, De 

Cesmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio. 

Crane Packing Co., 
Grove, Ill 

Davies Molding Co., 
Wells, Chicago 10, IIL. 

General fFMectric Co., 
Decatur, Ill 

Gries Reproducer Corp., 149 Beechwood 
ve.. New Rochelle, N. 

Irvington Div., Minnesota Mining & 
Manufacturing oes 9 Argyle Terrace 
Irvington 11, N. J. 

Midwest Molding 
Dr., Gurnee, 96 ll 

National Vulcanized Fibre Co., 
ton 99, Del. 

Natvar Corp., 207 Randolph Ave., 
bridge, N. 

Northern Plastics Corp., 2nd & Market, 


"1803 Rock, Rockford, 


Resinite Dept., Santa Bar 


6424 Oakton, Morton 


Harry, 1428 N 


Plastics Dept 


& Mfg. Co., 123 Rotary 


Wilming- 
Wood 


La Crosse 5, is, 

Phalo Plastics Corp., 530 Boston Tpke., 
Shrewsbury, Mass. 

Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, Ill 

Rostone Corp., 2405 S. Concord Rd., La- 
fayette, Ind 

—— Fibre Co., Inc., Tonawanda 

Sylvania Products, Ine., 1740 
Broadw: New York 19, N. Y 

Synthane Corp.. 17 River Ra. oats. Pa 

Taylor Fibre Co., Norristown 37, 

United States Gasket Co., Piastice Div. of 
The Garlock Packing Co., Camden 1 


Electric 


N. J 

Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 
Pittsburgh 30, Pa. 


Gateway Cer 
Liberty Ave 


PLAST elem, LAMINATING, 
ASTING and EXTRUSION 
COMPOUNDS 

Alkyd Molding Compound 

Cellulose Acetate 

Cellulose Nitrate 

Diallyl Phthalate 

Epoxy Resins 

Ethy!| Cellulose 

”] rbons 
e Formaldehyde 
Methacrylate 


8 
Plastisols, Vinyl 
Polyethylene 
Polyester Resins 
Silicone Resins 
Styrenes 
Urea Formaldehyde 
Vinyl Acetal 
Vinyl Alcohol 
Vinyl Chloride 
Viny!-Chloride 
Viny 
Vinyl! Chior 
Vinylidene Chloride 


Allied Chemical, Plastics & Coal Chem- 
icals Div., New York 6, N. Y. (JT) 

American Cyanamict Viastics and 
Resins Div., 33D Rockefeller Plaza, 
New York 20, N. Y¥. (CQJ) 

Atlas Powder Co., Chemicals Div., 
Wilmington 99, Del 

Co Resinite Dept., 
Calif 
Chemical 
‘ Corning Corp ile ; (8) 
duPont deNemours & Co., » BL, 
Plastics Div Polyche F Dept.. 

* mington 98, Del. (ADGKLPR) 

Dure "last Dr Hooker Chemical 
, Walck Rd., N. Tonawanda, 
Casting NKesins) 

BKpoxy Produ r Di of Joseph 
Waldman s } ‘oit, Irvington 
1, N. J 

FMC Organi v 
ehir and ‘ 

12nd, New r 17, N._¥. (X) 

Genera! Electric Co., Plastics Dept 
Decatur, Ill 

Houghton Laboratories, Inc 


Santa Bar- 


Midland, Mich. (F) 


, Food Ma 
rp 161 E 


, Olean, N. Y 


(U) 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 

Marhon Chemical iv, of Borg-Warner 
Washington, W. Va. ( 

Minnesota Mining & Mtx. Co., Electrical 
Products Div 900 Fauquier Ave., St 
Paul 6. Minn 

TPermacel-Le Page's Ir N 
N. J Lf 

Plastics ggg Co., 1607 


Brunswick, 


Geele Ave 
Shebovg 


Wis (F) 
Ragen Brothers, 8027 N. Monticelle Ave., 
ngton Sq., Phila 
Concord Rd., La 


Shell ‘Chemica Corp.. 
380 Madison Ave, 
(U) 

United States Gasket Co., Plastics Div., 
of The Garlock Packing Co., Camden 1, 
N. J. ») 


Chemical Sales Div 
New York 17, N. ¥ 


PLASTICS, SHEETS, RODS and TUBES 
i Inc ag keg Chemical & Dielectrics 
. 155 mart. Elizabethtown, Pa. (Di- 

lex ctrl he 

Borden Co 
bara, Calif 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

Dilectrix Corp., Allen Bilvd., 
dale, L. L., N a 

Epoxy Products, Inc., A Div 
Waldman & Sons, 137 Coit, 
a a a 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

General Electric Co., 
Decatur, Ill 

Houghton Laboratories, Inc., 

Insulation Manufacturers Corp., 565 
Washington Blvd, Chicago 6, Ill. 

Mica Insulator Co., Schenectady 1, N. Y 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Northern Plastics Corp., 2nd & Market, 
La Crosse 5, 8 

Spaulding Fibre Co., Inc., 
_. 2 


Resinite Dept., Santa Bar- 


Farming- 


of Joseph 
Irvington 


Plastics Dept., 
Olean, N. ¥ 


Tonawands, 


Taylor Fibre Co., Norristown 37, Pa. 

Westinghouse Electric Corp., Gateway 
Center, Bldg, No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts 

Brainin Co. ? 8., 318 Washington, Mt 
Vernon, N 

Englehard AL tries, Inc., Baker Plati- 
num Div., 113 Astor, Newark 5, N.J 

General Plate Div., Metals and Controle 
Corp., 1910 Forest, Attleboro, Mass. 

Handy & Harman, 82 Fulton, New York 
aa NOY 


Y 
PLIERS and CUTTERS, WIRE 
Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Ill, 
PLUGS and JACKS, COMMUNICATION 
Audio Development Co., 2836 13th Ave., 
South Minneapolis 7, Minn 
Switchcraft, Inc., 5539 N, Elston Ave., 
Chicago 30, Ill. 


PLUGS and RECEPTACLES 


Amphenol Electronics Corp., 1830 8. 54th 
ve., Chicago 50, LL 


ELECTRICAL MANUFACTURING 





After radial application, the Waldes Truarc Prong-Lock 
WALDES TRUA RC retaining ring locks and holds securely in its groove by 
means of two prongs. Because of its resistance to radial 


SERIES 5139 RETAINING RING* displacement, the ring may be used as a shoulder for 


rotating parts. Thrust-load capacity ranges from 80 to 
700 Ibs. for sizes from 3/32” to 7/16”. Bowed con- 
struction provides end-play take-up, often eliminating 


application: external for shafts springs, washers and accessory devices. 


range: 3/32” through 7/16” 


*U. S. Pat. No. 2,755,698 


Ring replaces locknut, 
eases control 
calibration 


On a differential pressure control 
Mason-Neilan Division of Worthington Corp., mans | mechanism, Taylor Instrument 
Norwood, Mass., uses two Waldes Truarc : A Companies, Rochester, N. Y., re- 
Series 5139 Prong-Lock rings on its pressure placed a locknut and eliminated a 
controller to secure pivots through which a 4 ee } costly threading operation with a 
right angle micrometer adjustment screw 4 — series 5139 Prong-Lock ring. Also 
passes. Each ring replaces hairpin-type cot- th) eliminated is the loosening and 
ter pin and bowed washer... provides neces- tightening of the locknut before 
sary tension to prevent adjustment screw and after each calibration setting. 
from shifting. Manufacturing costs were re- Spring action of the ring securely 
duced by $68 per 1,000 units. holds the calibration setting. 


Rings replace cotter pins, 
spring-washers; save +68” 


Whatever you make, there's a Waldes Truarc Ring designed quickly from leading OEM distributors in 90 stocking points 
to save you material, machining and labor costs, and to throughout the U. S. and Canada. 


improve the functening of your product. Field Engineering Service: More than 30 engineering- 


In Truarc, you get: minded factory representatives and 700 field men are at 


Statistically Controlled Quality from engineering and raw your call. 
materials to the finished product. Every step in manufac- 


. Design and Engineering Service not only helps you select 
ture watched and checked in Waldes’ own modern plant. 


the proper type of ring for your purpose, but also helps you 
Complete Selection: 36 functionally different types. As use it most efficiently. Send us your blueprints today... 
many as 97 standard sizes within a ring type. 5 metal let our Truarc engineers help you solve design, assembly 
specifications and 14 different finishes. All types available and production problems. . . without obligation. 


WALDES Waldes Kohinoor, Inc., Long Island City 1, N. Y. 


Please send me additional information and engineer- 


ing data for the Truarc Prong-Lock Ring, Series 5139. 
Name____ ‘ . 

a Wo Wit eaice coe : 
Company__ ie ee 


Business Address 


RETAINING RINGS 
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N. Y. 


‘Consult the Yellow Pages of your Telephone Directory for name of Local Truarc Factory Representative 


and Authorized Distributor. Look under ‘Retaining Rings” or “Rings, Retaining.” ©1958 Waldes Kohinoor, inc. 
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SQUARE D + ALLEN BRADLEY 
KURMAN » GUARDIAN « LEACH 


WARD LEONARD 
CUTLER HAMMER + SOLENOIDS 


* ADVANCE 


niversal RELAY CORP. 


Formerly Universo! General Corp 
[42 WHITE ST.,NEW YORK 13.N_Y, « WAlker 5-9257) 
Circle 326 on page 17 








Dress Up Your Products 


NEW 
KNOBS 


Featuring metal inserts of 
brass, gold. In a variety of 


both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 WN. Monticello * Skokie, 











Circle 327 on page 17 


Arrow-Hart & Hegeman mmastete Co., 
Hawthorne, Hartford 6, Co 
Automatic Electric Sales Corp. 

lake, lil. 
Belden Mfg. Co., 
Chicago 44, Ill 
Cannon = Electric 
Humboldt, 
Circle F 
Constantin 
N 


163 
North- 


4633 W. Van Buren, 
“Co., Dept. 500, 3209 
Los Angeles 31, Cal a 

Mfg. Co., Trenton 4, 

& Co., L, L., Route 46, Netl. 
Cornish _Wire Co., 50 Church, 


Inc., New 


Crouse-Hinds Co., Syracuse 1, N. Y. 
General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn 
Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 
Hubbell, Inc., Harvey, Bridgeport 2, Conn 
Johnson Co., ae — Second Ave., 
S. W., Wase a, Mi 
Jones Div., Lloward 3 
Chicago 24, Ill 
Molex Products Co., 
Royal Electric Corp 
Stromberg -Carlson A 
Dynamics Corp., 
Rochester 3. N 


PNEUMATIC TOOLS 
Gardner-Denver Co., 
PORCELAIN 


Cinch Mfg. Corp., 


Brookfield, Ill, 

Pawtucket, R. 1 
Div. of General 
117 Carlson Rd., 


and EQUIPMENT 
Quincy, Il 


See Ceramics 


POTENTIOMETERS. See also Rheostats 

Allen-Bradley Co., 1316 8, Second, Mil- 
waukee 4, Wis 

Bourns Laboratories, P. O. 
Riverside. Calif 

Clarostat Mfg. Co., 

Daren Co., 536 W 
Route 10, Livingston, N. 

Helipot Corp., Div. of Beckman Instru 
ments, Inc., P. O. Box 458, Newport 
Beach, Calif 

International Resistance 401 N. 
Broad, Philadeiphia 8 ‘a 

Kintronic, Div, Chicago Aerial Industries, 
Ine., 1980 Hawthorne Ave., Melrose 
Park, Il) 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie, Ill 

Rattray & Co., George, A Div. of Hard- 
wick, Hindle, Inc., 116-08 Myrtle Ave., 
Richmond Hill 18, N. ¥ 

Stackpole Carbon Co., St Pa. 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Freling 
huysen Ave., Newark 5, N. J. 


Box 


Inc., Dover, N. H 
Mt. Pleasant Ave 
J. 


Co., 


Marys, 


POTS and LADLES, MELTING 


General Electric Co. Apparatus 
Div., Schenectady 5 . r 


Vulcan Electric Co., 


Sale 
Danvers 2, Mass 


POWDERED METAL PRODUCTS. See 
also LBeariogs and Bushings; Contacts 


Amplex Div., Chrysler Corp., Detroit 31, 
Mict 
Bunting Brass and Bronze Co., Toledo 1, 
Ohio, 
Gibson Electrie Co., 
Delmont, Pa 


Highway, 4 
Mallory & Co., Inc., P. B., Indianapolis 6, 
Oak 


Old Wm. Penn 


nd 
Radio Cores, Inc., $540 Tulley Ave., 
Lawn, Ill, (Iron Cores) 
Stackpole Carbon Co., St 
United States Graphite Co., 
Saginaw 8, Mich 


Marys, Pa 
1621 Holland 


POWDERS, METAL 


Handy oe aan, 82 
38, 

New } Zinc 
York 38, N, Y, 
per and Zine) 


Fulton, New York 


Co 
(Brass, 


160 Front, New 
Bronze, Cop- 


POWER SUPPLY UNITS 
Electronic Research Associates, 
Factory Pl., Cedar Grove, : 
Electro Products Laboratories, ho 4501 
N, Ravenswood Ave., Chicage 40, 1 
Fidelity Instrument Corp., 1006 B. Bound- 
ary Ave., York, Pa. 
Kepco Laboratories, Inc., 
Ave., Flushing 55, N 
or gy & Co., Inc., P. 
N 


Inc., 67 
J 


181 -88 Sanford 
R., Indianapolis 
341 Ave., 


4633 W, 


} E, Corp., Carnegie 
Kenilworth, . 

Sola Electric Co.. 
50, Ill 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


DRIVES, 


16th, Chicago 


PULLEYS and VARIABLE 
SPEED 

La- 

4802 W. 


Manufacturing Co., 
Ave Chicago 44, I 
Flexible Coupling Co., 
Chicago 44, Ill 


Hi-Lo 
vergne 

Lovejoy 
Lake 


308 N, 


PUMPS 


Robbins & 
Springfield, 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis. 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn 

=a lectric Sales Corp., North- 
lake 1. 

Clark ea? Co., 1146 E. 152nd, 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, 

Cutler-Hammer sr 1264 St. 
Milwaukee 1, Wi 

— Electric Co.. 1024 McKee, Batavia, 


General Electric Co., 

Div., Schenectady 5 

Micro ‘Switch, A Div. 
port, Ill. 


Myers, Div., 


Ohio 


Inc., Pump 


x. = 
Paul Ave., 
Apparatus Sales 


‘of Honeywell, Free- 


National Acme Co., 
land 5, Ohio 
— Condenser Co., Control Div., 


176 E. 13let, Cleve- 


Canm- 


sume D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 
Stromberg-Carison, A 
Dynamics Corp., 
Rochester 3. N. Y 
Ward Leonard Electric Co 34 
Mount Vernon, N, Y 
Westinghouse Electric Cor 
Center, Bldg. No. 3, 401 
Pittsburgh 30, Pa 


Div 


of General 
11? =6C d., 


arison 
South, 


Gateway 
Liberty Ave., 


PYROMETERS 

Weston Electrical 
sub. of 
huysen 

Wheelco 
Co. 


Instrument Corp., A 
Daystrom, In 614 Freling- 
Ave., Newark 5, NJ 
Instrument iv Barber-Colman 
1403 Rock, lockford ul 


QUARTZ, FUSED 
Engeihard | 
Jiv., 685 Ramsey 


dustiries Ine \ ersil 


, or 
Ave., Hillside P | 


REACTORS. See Transformers 
RECORDER COMPONENTS 
IC. See Instruments 


MAGNET- 


RECORDERS, COMPUTER 
ments, Electroni 


See Instru- 


RECORDERS, GRAPHIC 
See Instruments 
RECORVERS, OSCILLOGRAPHIC 


Industrial Div., 175 
Mass 


Sanborn Co 
Waltham 54, 


Wyman, 


RECTIFIERS, SEMICONDUCIZOR 
Fanstee! Metallurgical Rectifer 
Div North Chicago, | 

General Electric Co 
Div., Schenectady 5, N 
Copper Oxide, Industrial 
General Electric Co 
Froducts, Electronics Park, 
N (Germanium Diodes, 
and Silicon Rectifiers) 
Hoffman Semiconductor, Div 
Electronics Corp., 930 
Franston, Ill 
ITT Components Div., 
phone and 
412, Clifton il 
International | Kesistance 
Broad, Philadelphia 8, 
Mallory & Co., In P . “Indianapolis 
6, Ind, (Magnesium-Co pper-Sulphide) 
Radio Receptor Co., Inc., Semiconductor 
Div., 240 Wythe Ave Brooklyn 11, 
N (Germanium Diodes, Selenium) 
ae = Vas Rectifier Div., Dept 
M-: College ve., loom - 


(Selenium, 
Germanium) 
Semiconductor 
Syracuse 1, 
Germanium 


of Hoffman 
Pitner Ave., 
Internationa) 


Tele- 
Telegraph Corp., ¥ > 
J licon) 


Box 


401 +N 


ean, “Ind 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. (Selenium) 

Transitron - me Corp., Wakefield, 
Mass. (Silico 

Vickers Electric. Dir., Vickers 
Locust. St, Louis 3. Mo 

Westinghouse Electric Corp., 
Center, Bidg. No. 3, 401 
Pittsburgh 30, Pa 


Inc., 1808 
Gateway 
Liberty Ave., 


RECTIFIERS, TUBE TYPE 

Amperex Electronic Corp., 230 Duffy Ave., 
Hicksville, L. I f r 

Amperite 
York 12 
Electrons 
3, N 


561 


"Broadway, New 


_N 
Inc., 
Y 


Co., 
N 


Ine ’, 127 Sussex Ave., Newark 


General Electric Co., Apparatus Sales 
Div., Schenectady 5, N, Y¥ 

RCA Electron Tube Div., 
America, Harrison, N. J 

Westinghouse Electric Corp., 
ter, Bldg. No 4 
Pittsburgh 30, Pa, 


Radio Corp. of 
J 
Gateway Cen- 
Liberty Ave., 


REGULATORS, MOTOR SPEED. 
Controllers, Motor 


See 


VOLTAGE. See 
Variable Voltage. 


358 Water, 
561 


REGULATORS, 
Transformers, 


Acme wrectele Corp., 
N 


also 


Cubs. 


amperite Co. Broadway, New 
12 . 
Curtiss-W right a . 
Fidelity Instrument Corp., 
ary Ave., York, Pa. 
General Electric | Co.. 
Div., Schenectady 5, 
Hoffman Semiconductor 
Electronics Corp., 
Evanston, Il 
R-B-M ‘‘Control”’ 
Logansport, Ind 
ele — Co., 


aaa 


Caristadt, N. J 
1000 E. Bound- 
Apparatus Sales 
a. ee, 


Div. of 
930 


Hoffman 
Pitner Ave., 
Div., Essex Wire Corp., 


“4633 W. 16th, Chicago 
2240 E 


1803 


gtentert Electrical Products Co., 
Third, Dayton 3, nio. 

Vickers Electric Div., Vickers Inc., 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RELAYS and CONTACTORS 

AEMCO, Inc., 50 State, Mankato, Minn. 

A’G’A Div, of Elastic Stop Nut Cerp. 
r i Mind 1027 Newark Ave., Elizabeth 


alten & “Westlake Co., 1168 N. Michigan, 
Elkhart, Ind. (Mercury) 

Advance Relays, A Dept. of Elgin Na- 
tional Watch Co., Elgin, Ill. 

Allen-Bradley ee 1316 8. Second, Mil- 
waukee 8, 


ELECTRICAL MANUFACTURING 





SILICONE 
RUBBER INSULATED WIRES 
BY ROCKBESTOS OFFER YOU: 


Excellent dielectric strength — electrical properties remain constant from 
—130°F to +500°F. 


High heat resistance — better than any type rubber insulation. Long service life in 
temperatures to 125°C (power cables) and 200°C (other applications). 


Excellent moisture resistance — unrestricted applications in wet or dry locations 
- equal to the best grades of rubber. No lead sheath required. 


Greater ozone resistance than the best grades of rubber insulated cables. 


Excellent resistance to chemical attack — being chemically inert, silicone rubber 
insulations resist effects of lubricating oils and most corrosive atmospheres. 


Long life — excellent resistance to weathering and aging. 








MOTOR LEAD and APPARATUS WIRES 


For leads to motors, transformers, etc., requiring a flexi- 
ble wire in high temperature locations or applications. 











HEATING CABLES and DEFROSTING 


WIRES 
APPLIANCE and FIXTURE WIRES 
Heating cables are ideal for use in pipe heating, surface 


For use in wiring high wattage units when operating tem- heating, roof de-icing and soil heating. 

peratures reach 150°C and 200°C. Lighting fixtures, Defroster wires being odorless and tasteless are perfect 
clothes dryers, electronic equipment, stoves, water for use as rapid defroster heating element in electric 
heaters, ovens, therapeutic devices, space heaters are refrigerators and freezers. 

among the many products for which these wires are 

recommended. 


ROCKBESTOS PRODUCTS CORPORATION, NEW HAVEN 4, CONNECTICUT 
NEW YORK «¢ CLEVELAND + DETROIT * CHICAGO «+ PITTSBURGH + ST.LOUIS ¢ ATLANTA 
DALLAS + SEATTLE + LOS ANGELES + BURLINGAME, CALIFORNIA 


ROCKBESTOS 


For complete details on Rockbestos Silicone Rubber Insulated Wires and Cables send for Catalog SR58. 
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THESE ARE INDUSTRIAL QUALITY SOLENOIDS! 


Decco 01 series produces 1.7 Ibs. Decco’s series 01 and 02, miniature, AC solenoids have all the fine quali- 
force at 2” stroke. Quiet hold at ties of their well known, standard size, companion models. Quality and 
4% lbs. force. Decco 02 series performance are the same-—only the size has been changed . . . and 
produces 2.4 Ibs. force at 1/2” thorough “‘in service” testing has proved them worthy of the Decco name. 
stroke. Quiet hold at 51/2 Ibs. ae s . ‘ . . op 
whee These miniature solenoids are built with high quality, silicon steel struc- 
force. Both series are available ee . i 

ture to prevent “‘aging’’. Coils are heavy duty Nylclad wire, glass taped 


in push i dels, verti " . ° ons 
a eee and sealed for long life. Shading coils are silver soldered for durability 
horizontal mounting. . ’ . ” 

and quiet hold and Decco’s new “quick change” patented feature affords 


fast, simple, thirty second coil change, when necessary. 


If you have an application for a quality-built, miniature solenoid that will 
stand up under heavy industrial use, it will be worth your while to 
investigate Decco’s 01 and 02 series miniatures. 


YETROIT OiL COMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 





Allied Control Co., Inc., 2 East End Ave., 
New York 21, N. Y. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N, Y, (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc., 
Franklin Park, Ill 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., North- 
lake, Ill 

Automatic Switch Co., 
Florham Park, N. J. 

Barber-Colman Co., 1803 Rock, Rockford, 


Clare & Co., C. P., 3101 Pratt Blvd., 
Chicago 45, 
3349 


1. 

Comar Electric Co., 

Chicago 18, Ill. 
— Controls Corp., Box 8, Centerbrook, 
Curtiee: Wright 

(Time Delay) 
Cutler-Hammer Inc., 1264 St, 

Milwaukee 1, Wis 
Durakool, Inc., Elkhart, Ind. 
E-T-A Products Co. of America, 

Elston Ave., Chicago 50, Ill 
Electro Tec Corp., South 


Filtors, Inc., 30 Sagamore Hill Dr., Port 
Washington, L. I.. N 
G-V Controls Inc., 
East Orange, N. J 
General Electric Co., 
Div Schenectady 5 
Guardian Electric, 1627-L W. 
Chicago 12, Ill. 
Hart Manufacturing Co., 
Hartford 1, Conn 
i in Coe me, 


9959 Pacific Ave., 
50-M Hanover Rd., 


Addison, 


Corp., Carlstadt, N, J 


Paul Ave. 


(Mercury) 
5085 N. 


Hackensack, 


8 Hollywood Plaza, 


Apparatus Ssles 


Walnut, 

211 Bartholomew 

Elm, Water- 

n 

Haydon Div. of General Time Corp., 2533 
Elm, Torrington, Conn 

Heinemann Electric Co., 99 Plum, Trenton 
3, N. (Time Delay) 


Jennings Radio Manufacturing Corp., 970 
McLaughlin Ave., P. O, Box 1278, San 


ose 8 Ca 

Kellogg Switchboard and Supply Co., 6650 
. Cicero Ave., Chicago 38, Ill, (Mag- 
netic Impulse) 

Kurman Electric Co., of Norbute 
c Brooklyn 


Div. 
., Dept, EM, 191 Newel, 
, eS 
Line a Co., 271 8, Sixth, Newark 
8, N. 
3352 W. Grand 


wm RAE Electric Co., 

Ave., Chicago 51, Ill. 

North Electric Co., 852 S. Market, Galion, 
Ohio 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie, Il 

Phillips Control Corp., 

Joliet, Ill. 

Potter & Brumfield Mfg. Co., Inc., Sub 
of American Machine & Foundry Co., 
Princeton, Ind 

Price Electric Corp., 1500 Church, Frede- 
rick, M@. 

B-B-M Div., 


port, Ind. 
BCA Electron Tube Div., 
America, Harrison, } 
Relay Sales Inc., Box 186-B, West Chi- 


cago, Ill. 
Square D Co., 4041 N. Richards, Milwau- 
. 2240 E. 


59 W. Washington, 


Essex Wire Corp., Logans- 


Radio Corp. of 


kee 12, Wis 
Standard Electrical Products Co. 
Third, Dayton 3, Ohio 
Stromberg-Carlson, A Div. of General 
Dynamics Corp., 117 Carlson Rd. 
Rochester 3, N. Y. 
Struthers-Dunn, Inc., 
Tung-Sol se Inc., 
Newar' J 
U piversal Relay Corp., 42 White, New York 


Pitman, N. J. 
Electreswitch Div.. 


“Leonard 34 South, 
Vernon, 
Westinghouse [Electric Corp., Gateway 
Center, Bldg. No, 8, 401 Liberty Ave., 

Pittsburgh 30, Pa. 
Weston Electrical Instrument Corp., A sub. 
, 614 Frelinghuysen 


Electric Co., 
Y. 


se N, J. 
Wheelock Signals. Inc., 
, Long Branch, N., 
Wiegand Co., Edwin L., 
. Pittsburgh 8, Pa. 
Zenith Electric Co., 152 W. Walton, Chi 
cago 10, Ill 


273 Branchport 
J 
7530 Thomer 


REMOTE CONTROLS. See Push Button 
Stations; Relays and tactors ; 
Switches; Controls, Pressure and 
Temperature. 


RESINS, INSULATING. 
Compounds and Resins, 


See Varnishes, 
Insulating 


RESISTANCE ALLOYS 
Driver Co., Wilbur B., 1875 
Highway, Newark 4, N. J. 
Driver-Harris Co., Harrison, 
Kanthal Corp., 3 Amelia Pl, 

Conn. 


McCartee 


N. J. 
Stamford, 


RESISTANCE HEATING UNITS. Ser 
Heating Elements and Units 


RESISTANCE LINE CORDS 


General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn 


RESISTANCE WIRE. See Wire, 


ance. 


RESISTORS, INSTRUMENT and RADIO 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Amperite Co.. 561 Broadway, New 
York 12, N. Y (Bulb Type) 

Centralab, Div. of Globe-Union, Inc. 
9623 E. Keefe Ave., Milwaukee 1, Wis 


Resist 


Circle 329 on page 17 


., Inc., Dover, 
1264 St, 


Clarostat Mfg. Co. 

Cutler-Hammer Inc., 
Milwaukee 1, Wis. 

Daven €o., 536 W. Mt. 
Route 10, Livingston, N. J. 

Erie tan Corp., Electronics Div., 
Erie, 


Hardwick, “Hindle, Inc., 40 Hermon, New- 
International Resistance Co, 401 WN. 


Broad, Philadelphie te 
Mallory & Co., Inc., P. 
6, Ind. 


_. & 
Paul Ave, 


Pleasant Ave., 


a. 
R., Indianapolis 


Ohmite Manufacturing Co., 3613 Howard, 
Skokie, I 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, } 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Square D Co., 4041 N. 
kee 12 vis 
Stackpole Carbon Co., St. Marys, Pa. 
Cexas Instruments a 
Lemmon Ave., Dallas 9, Texas. 

Ward Leonard Electric Co., 

Mount Vernon, N. Y 

Weston Electrical Instrument Corp., A sub. 
of Daystrom Inc 614 Frelinghuysen 
Ave., Newark 5, N. J 


Richards, Milwau- 


RESISTORS, POWER CIRCUIT 
Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis 
Cutler-Hammer Inc., 1264 St. 

Milwaukee 1, Wis 
Daven Co., 536 W. Mt. 
oute 10, Livingston, 
Erie Resistor Corp., Electronics Div., Erie, 
Pa 


Paul Ave., 


Pleasant Ave., 


General Electric Co., Sales 
Div., Schenectady 5 


Apparatus 
* 
Hardwick Hindle, Inc., 

ar N, J 


40 Hermon, New- 
me. 8A ‘Resistance Co., 401 N. 


Broad, Philadelphia 8, Pa 
Mallory & Co., Inc., P. R., Indianapolis 
3613 Howard, Skokie, 


6, Inc 
Ohmite Mfg. Co., 
Il 
Sprague Electric Co., 307 Marshall, North 
Adams, Mass 
South, 


Ward leonard Electric Co., 34 
Mount Vernon, N. Y, 


RESOLVERS. See Servomechanisms, 


RHEOSTATS, INSTRUMENT and RADIO 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis, 

Amperite Co., Inc., 561 Becaduep. New 
York 12, N. Y. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, N. H. 
Cutler-Hammer — , 1264 St. Paul Ave., 
Milwaukee 1, Wis 
Hardwick, Hindle, Inc., 
N 


ark 5, 
er tgs & Co., Ine., P. B., 
3613 Howard, 


Ohmite “Mtg. Ce., 
Ill 


Ward Leonard Electric Co., 34 
Mount Vernon, N. Y. 


40 Hermon, New- 
Indianapolis 
Skokie, 
South, 


RHEOSTATS, POWER CIRCUIT 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4. Wis 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 
Electric Co., 

.. Schenectady 5, N. A 

Hardwick, ac aes Inc., 40 
Newark 5, J. 

National Blectiie Controller Co., 7070 
Glenwood Ave., Chicago 26, Ili 

bs ag Mfg. Co., 3613 Howard, 


snbeeratee Sales 


Hermon, 


Skokie, 


ward Leonard 
Mt. Vernon, 
Westinghouse Electric 
Center, Bidg. No. 

Pittsburgh 30, Pa, 


Electric Co., 34 South, 


Corp., Gateway 
3, 401 Liberty Ave., 


RHODIUM 

Engelhard Industries, ine, Chemical Div 
113 Astor, Newark 2, J. 

RINGS, COLLECTOR 

Electro Tee Corp. South Hackensack, 


E. Make- 
peace Div., Attleboro, Mass. 

General Plate Div., Metals & Controls 
Corp., 1909 Forest, Attleboro, Mass, 
Midwest Molding & Mfg. Co., 123 Rotary 
1 

Products Co., 


Dr., Gurnee 96 
1759 W. 
Columbus 23, Ohio 


Nippert Electric 
Mound, 

Toledo Commutator Co., South Chestnut, 

Owosso, Mich. 


Ergelhard Industries, Ine., D. 


RINGS, RETAINER 
es irs eggs | Ring oo, 
2, 57 Cordier, Irvington 11, 
National Lock Washer Co., Me Hermon, 

Newark 5, } 
United States Gasket Co., Plastics Div. 
of ta Garlock Packing Co., Camden 


1, 
Waldes Kohinoor, Inc.. 47-16 Austel PI.. 
Long Island City, N. Y. 


and SNAP 
Dept, EM- 
J. 


RIVETS. See Fasteners, 


RIVET SETTING MACHINES 

Chicago Rivet & Machine Co., 
25th Avre., Bellwood, 

Milford Rivet & Machine Co., 
Conn 


948 8 
Milford 








NATIONAL LOCK 


CONTINUOUS 


! 


IN. 


Wiens: Ny 


for all types 

of appliances, 
cabinets and other 
metal applications 


UNEQUAL WINGS — PARALLEL HOLES 
(ON SPECIAL ORDER) 


SPRING HINGES 


Available in steel, brass, stainless steel 
and aluminum, National Lock hinges 
are offered with equal and unequal 
wings .. . 34” to 4” widths . . . up 
to 96” lengths . with and without 
holes. Write for complete information. 


HANDLES - PULLS - LATCHES 
CATCHES - HINGES - SCREWS 
CABINET HARDWARE - BUTTS 
SPECIAL-PURPOSE FASTENERS 


NATIONAL LOCK COMPANY 


Rockford, Illinois 


Circle 330 on page 17 
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PORCELAIN 


AS AND WHEN YOU WANT IT 


Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
Circle 331 on page 17 





RAE 


freaked ied a - 


fractional horsepower 


at its 
finest! 


Rae M-12 or M-13 with G-12 
reducer. M-12 and M-13 
motors AC/DC Universal or 
Shunt. 1/5 H. P. Max. G-12 
gear unit 536:1 Max. and 
100 in. Ibs. Max. M-13 has 
ball bearings. 


choice of leading manufacturers 


Don’t gamble with the success . 
of your product! By careful 
analysis and testing together 
with RAE engineers you can 
assure the right motor for 
your needs. 

RAE offers outstanding serv- 
ice and quality in a large 
variety of motors in voltages 
up to 250, and up to 4% H.P. 
(higher for intermittent duty) 
with many gearhead motor 
combinations. Let us show 
you how these advanced mo- 
tors, now in such big demand, 
can improve your product 
and reduce your costs. 

Send for the **RAE"’ service sheet. It 
will help you supply the data neces- 
sary for recommendations and prices. 


AC/DC Universal 

DC Shunt Wound 

DC Series Wound 

DC Compound Wound 
Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 
Motors for Electronic Control 


Permanent Magnet Motors and 
Gearmotors 


G@@ wmoror core. 


2009 Kewaunee Street 
Racine, Wisconsin 


Circle 332 on page 17 





Thomson Mfg. Co., Judson L., 


Dept. LD 
Waltham 54, Mass. 


ROLLER BEARINGS. See Bearings, 


Bali 
and Roller. 


RUBBER and RUBBER PRODUCTS 

Acadia Synthetic Products Div., Western 
Felt Works, 4021-4139 W, Ogden Ave., 
Chicago 23, Ill 

Auburn Manufacturing Co., 306-I 
Middletown, Conn 

Chicago Rawhide Manufacturing Co., 
ston Ave., Chicago 22, 

Connecticut Hard Rubber Co 
New Haven 9, Conn 

Dow Corning Corp., 

oer = » Inc., 


_Blectrle 
Ill 


Johns - Manville, Dutch Brand 
7800 Woodlawn Ave., 

Stalwart Rubber Co., 
Bedford, Ohio 


Stack 
1274 
419 East 


Midland, Mich 

15 West 5ist, New York 
Co., Plastics Dept., 

Products, 

Chicago 19, lil 

160 Northfield Ra 


SAWS, COMMUTATOR. 
Saws and Slotters 


See Commutator 


SCRAPER RINGS. See Rings, 
and Snap. 


Retainer 


SCREW DRIVING MACHINES 
Bristol Co Socket Screw Div., 
bury 20, Conn. 


Water 


SCREW MACHINE PRODUCTS. See als 
bre; Plastics, 
Aluminum Co. of America 
Pittsburgh 19, Pa 
Chase Brass & Copper Co., 
— Copper Corp., 


Alcoa Bidg 


Sub. of Ken 
Waterbury 20 

Merkle. Korff Gear Co., 211 N, Morgar 
Chicago 7, Ill 

Milford Rivet 
onn 


& Machine Co., Milford 


SCREWS. See Fasteners 


SEALING COMPOLNDS. See Cemen 
Insulating and Sealing; Waxes and Com 
pounds 


SEALS and TERMINALS, HERMETIC 

Advanced Vacuum Products, Inc., Div. of 
General Ceramics Corp., 430 Fairfield 
Ave., Stamford, Conn. 

American Lava Corp., Chattanooga 5 
enn 

Amphenol Electronics Corp., 
Ave Chicago 50, Ill 

Constantin & Co., L. L 


1830 8. 54th 


Route 46, Lodi 
Electrical Industries, 
tronics, Inc., 691 
N. J 
Corp Dept. B-2 
Cincinnati 13, Ohio 
Ceramics Corp Keasbey, N. J 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y¥. (Glass Bushings) 
Hermaseal Co., Inc 1010 Main, Elkhart 
Ind 
International Resistance Co., 
Philadelphia 8, Pa 
Kearfott Co., Inc., 1378 
Clifton, N. J 
Phillips Control 
ton, Joliet, Ill. 


Div, of Philips Elec 
Central Ave., Murray 


6000 Fernview 


401 N. Broad 
Main Ave 
Corp., 50 W. Washing 


SEALS, MECHANICAL. 
a and Precision 
.. 252 Hawthorne 


6424 Oakton, 


(Rotary Shaft) 
Manufacturing 
Ave., Yonkers, 


Crane Packing Co., 
Grove, Ill 


Morton 


SEALS, OIL and GREASE 

Chicago Rawhide Manufacturing Co., 1279 
Elston Ave., Chicago 22, Ill 

Gits Bros. Mfg. Co., 
Ave., Chicago 23, Ill 

United States Gasket Co., 
o The Garlock Packing 
ee A 


| 


1846 8S. Kilbourn 


Plastics Div 
Co., Camden 


SELENIUM RECTIFIER. 
Semiconductor. 


See Rectifiers, 


SEMICONDUCTOR PRODUCTS. See Rec- 
tifiers, Semiconductor; Transistors and 
Crystal Diodes 


SERVOMECHANISMS 
chros, ete.) 


Cliftor Precision Products Co., Inc., 
Clifton Heights, Pa 
— Manufacturing Co., Electrical 
The aed Manufacturing Co. 
fe . N 
Helipot Corp., "Div of Beckman 
ments Inc 0. Box 458, 


(Controls, 
Also see Motors. 


Syn 


Div 
Som 


Instru- 
Newport 


Motor 
Washington 
ares _Co. 


Dept. B, 23 W 
Pearl River. N. Y 
1378 Main Ave., Clif 


Corp., 
Ave., 
Inc., 

, J 
et Co., 
Racine, Wis 
Servospeed Co., Div. of Electro- Devices 
Inc., 4 Godwin Ave., Paterson 1, J 


SHAFTS, FLEXIBLE 
United States Gasket Co., 
of od Garlock Packing 
N. J 


John, Avionir 


Plastics Div 
Co., Camder 


SHEAVES. See Drives, Belt. 


SHEET METAL FABRICATORS 
Cox Co., H. F., 601 Ottawa Ave., N. 
Grand Rapids 2, Mich 
Esco Engineering C¢ 
Broadview, Ill 
Hoffman Enxineering Corp 
Anoka, 
Keystone 
Warren 
Kirk & 
Forrer 


w. 
P.O. Box 184, 
, Dept. EM-91, 
1erwood Rd., 


3122 


23358 Sh 


Manufacturing Co., 
Cincinnati 9, Ohio 


SHEETS, ELECTRICAL. See Steel, 
trical 


Elec- 


SHIELDS, ELECTRON TUBE 
Magnetic Metals Co., Hayes Ave, 

Camden 1, N 
Magnetics, Inc 


at 21st, 


Box 391, Butler, Pa. 

SHIPPING SERVICES 

United Air Lines 
Wabash Ave 


Cargo Sales he 
Chicago 3, 


, 36 8, 


SIGNAL DEVICES 

Crouse-Hinds Co., Syracuse 1, 

Wheelock Signals, Inc 273 
Ave., Long Beach, N. J 


N. ¥ 
Branchport 


SIGNAL 
Lights 


LIGHT 
Pilot and 


ASSEMBLIES. 
Indicater 


See 


SILICON DIODES. See 
Crystal Diodoes 


Transistors and 


SILICONES 


Auburn Manufacturing 
Middletown, Conn 
Continental-Diamond 
The Budd Co. 
Dow Corning Corp 
General Electric Co 
Dept., Waterford, N 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del 
Natvar Corp., 207 Wood- 
bridge. N. J 
Taylor Fibre Co., Norristown 37, Pa. 
Union Carbide Corp Silicones Div., 
Lexington Ave.. New York 17, N. 
Varflex Corp.. 309 N. Jay. Rome, N. Y. 


Co., 306-1 Stack, 
Fibre, A 
Newark 13, Del 

Midland, Mich 
Silicone Products 
Y 


Sub. of 


Randolph Ave.. 


420 
Y 


SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points, For Solder, 
see Brazing Alloys, Silver 

Brainin Co., C. 8., 318 Washington, 
Vernon, N. ¥ 

Deringer Metallurgical Corp., 
ticello Ave., Skokie, Ill 

Engelhard Industries 
Platinum & Silver Div., 
road Ave Newark 5 

Fanstee! Metallurgical 
cago 

General 


Mt 


8111 Mon 
Inc 


American 
231 N. J - 


Rail 
? J 
Corp., North Chi- 

I 
Plate Div 
Corp 1910 F 


Handy & 
38. N 


Metals and Contrels 
Attleboro, Mass 
Fulton, New 


rest 

Harman, 82 York 
: Y 

Mallory 
6, Ind 


& Co., In P. R., Indianapolis 


SLEEVE BEARINGS 
Bushings. 
SLEEVE, 


and Sleeving, 


See Bearings and 


SATURATED See 
Braided Fabric 


Tubing 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 

Washington Blvd., Chicago 6, Il. 
Johns-Manville, Box 14, New York 
es 


SLIDE ASSEMBLIES 
Chassis-Trak Inc 525 8 
dianapolis, Ind 


Webster, 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N. J. 


SLIP RINGS. See Rings, Collector, 

SLOT INSULATION. See Fabrics, Insu- 
lating; Mica; Paper, Insulating; Tubing 
and Sleeving, Braided Fabric, 


SLOTTERS, MICA. 
and Slotters 


See Commutator Saws 


SOCKET SCREW KEYS and 
WRENCHES 

Allen Manufacturing 
Hartford 5, Conn 


Co., 133 Sheldon, 


SOCKETS and ADAPTERS, RADIO, See 
Plugs and Receptacles 


SOCKETS and RECEPTACLES, 
Arrow-Hart & 
Hawthorne 
Automatic 
lake. Ill 
Circle F Mfg 
Dialight 
lyn 37. N 
Drake Manufacturing Co 
bard, Chicago 22, Ill 
General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn 
United States Gasket Co., Plastics Div. 
of The Garlock Packing Co., Camden 1, 
Nw, J. 


LAMP 
Hegeman Electric Co., 103 
Hartford 6, Conn 
Electric Sales Corp., North- 
Co., Trenton 4, N. J. 
Corp.. 44 Stewart Ave., Brook- 


1711 W. Hub- 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Aurillaries. 
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20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 
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SPURS e HELICALS @ WORM AND WORM GEARS 
STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
CLUSTER GEARS @ RACKS @ INTERNALS @® ODD SHAPES 





1035 PARMELE ST. ROCKFORD, ILLINOIS 





Circle 333 on page 17 


If you want paper of 
EXCEPTIONAL 
UNIFORMITY 


MOSINEE 


will make it to your 
EXACT SPECIFICATIONS 


iol mmotolaaloll-34-Milahiolgaal-tialelaMe’ aah c-) 


MOSINEE 
PAPER MILLS COMPANY 


rod tial 1-0 a Al-letelal-Jia) 


OCTOBER 1958 Circle 334 on page 17 





FOUR SWITCHES 


Eliminate 
feedback! 


Replace 
four switches 
with two! 


$29-00A 
Rated: 7 amps @ 125 V a-c 


OLD WAY The CHERRY WAY 














w 


Ed 
ele 























TWO SWITCHES 




















Replace 


this 





Cherry S29-00A split-contact switch (two 
Normally-open contacts) isolates loads B 
and C, to prevent feedback through com- 
mon load A. 


... and so— 


allows two $29-00A (four Normally-open 
contacts) to replace four standard single 
pole switches (four Normally-open 
contacts). 


For custom switch engineering at stock 
unit prices . . . let Cherry design a switch 
into your specific application. You are 
under no obligation. Call or write — 


HERRY ELECTRICAL PRODUCTS CORP. 


4 1650 Deerfield Road Highland Park, lil. 
Phone: IDiewood 2-8182 


Circle 335 on page 17 








“Fool-proof” CIRCUIT BREAKER 


E-T-A 


MINIATURE 


CIRCUIT BREAKER 
SAFE — 


Overload protection for appliances, 
tools, motors, electronic equipment 
and other electrical devices. Breaker 
will not reset under prevailing overload 
conditions. Depression of the reset 
button will not interrupt current when 
breaker is closed. 


POSITIVE — 


Trip-free mechanism assures simul- 
taneous contact break at two points. 
Breaker copes with surge current up 
to 5 times rated current. 


ACCURATE — 


Wide range of precise calibrated rat- 
ings for standard applications. Charac- 
teristic variations for custom use 
available. 


Model 45-700-P 


Ratings from 
05 to 25 amps 


Write for 


literature 


PRODUCTS CO. OF AMERICA 
6284 N. Cicero Ave., Chicago 46, Ill. 


PRODUCTS CO. OF CANADA 
265 Craig St., West Montreal, Quebec 
Circle 336 on page 17 
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TEMP-R-TAPE® 


pressure-sensitive TEFLON* tapes 
for Class H & C insulation, 
non-stick or chemical resistant facing 


Temp-R-Tapes, Tefion with a silicone polymer adhe- 
sive, provide dielectric strength up to 2750 v/m, low 
power factor, a temperature range of —100°F to 
500°F (—75°C to 250°C) and a slippery, low fric- 
tion or chemical resistant surface. Easy-to-apply, just 
press in place. Temp-R-Tapes are “called out” for 
many electrical and electronic insulating applications, 
aircraft and general industrial mechanical applications. 
1/4” to 12” wide, .002” to .013”’ thick. From stock. 

* du Pont T.M. 


FREE SAMPLE and data . . write, phone or use inquiry service. 





A PRODUCT OF D) THE CONNECTICUT HARD RUBBER CO., NEW HAVEN 9, CONN. 





Circle 337 on page 17 
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SOCKETS, VACUUM TUBE 

Amphenol Electronics Corp., 1330 8, 54tn 
Ave., Chicago 50, Ill. 

Mycalex Corp, of America, Clifton Blvd., 
Clifton, N, J. 

United States Gasket Co., Plastics Div, of 
ap? ere Packing Co., Camden 1, 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 
Essex Wire Corp., Wire and Cable Div 
Fort Wayne, Ind. 
General Electric Co., 
Div., Schenectady 5, = 
— .. ee 82 Fulton, 


,Aveeretes Sales 


New York 


Kester “older Co. 4209 Wrightwood Ave. 
Chicago 39, 

London Chantoat” Co., Inc., 1537 North 
3lst Ave., Melrose Park, IIL 


SOLDERING EQUIPMENT 
(trons, Machines, ete.) 
General Electric Co., Apparatus Sales Div., 

Schenectady 5, N. Y 
Vulcan Electric Co., 


Danvers 2, Mass. 


SOLDERLESS CONNECTORS, See Con- 
nectors, Wire and Cable. 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver. 


one f Harman, 82 Fulton, New York 
> = 
Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, Ill 
SOLDER, SELF-FLUXING 
‘or Silver Solders, see Brazing Alloys. 


Kester Solder Co., 4209 Wrightwood Ave., 

Chicago 39, I 
London Chemical Co., 1537 N 
Park, Ill 


SOLENOIDS 
Allen-Bradley Co., 
waukee 4, Wis 
Anderson Controls, Inc., 
Franklin Park, Ill] 
Automatic Electric 

lake, Ill. 
Automatic Switch Co, 
Florham Park, } 
Cannon Electric Co., nee. 500, 
Humboldt, Los Angeles 31, Calif. 
ee Co., 3349 Addison, Chicago 

» Il 


Sist Ave., 
Melrose 


1316 S. Second, Mil- 
9959 Pacific Ave., 
North- 
alias Hanover Rd., 


Sales Corp., 


3209 


Controls Co. of America, 9551 
Ave.. Schiller Park, Ill. 

Cutler-Hammer, Inc., 1264 St. 
Milwaukee 1, Wis. 
Pittsburgh 22, Pa. 

Detroit Coil Co., 2435 Hilton Rd., 
20, Mich. 

Oormeyer Industries, 3424 Milwaukee Ave., 
Chicago 41, 

General Electric Co., 
Div., Schenectady 5, 

Electric, 1627-L W. 
Chicago 12, Il 

Leland, Inc., G. H., 
2, Ohio 

National Acme Co., 


Soreng 
Paul Ave., 


Detroit 


Apparatus Sales 
N.. Z. 


Walnut, 
123 Webster, Dayton 


176 E, 13lst, Cleve- 
1260 N. 

Chicago 10, Il 
Phillips Control Corp., 
Joliet, Il. 
BR-B-M pie.. 


Clybourn Ave., 
59 W. Washington, 
Essex Wire Corp., Logans- 
186-B, West Chi- 
Box 1124 Culver 


port, 
Relay Sales Inc., Box 
cago, 
Rolenoid, Inc., P. O. 
City, Calif. 
Struthers-Dunn, Inc., Pitman, N. J. 
Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 


SPEED INDICATORS. See Tachometers. 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 
Bowmar Instrument Corp., 2415 Pennayl- 
vania Ave., Ft. Wayne, 


Ind, 
Century Electric Co., 1806 Pine, St, Louis 
0 


3307 
Sales 


3, ’ 

Eaton Mfg. Co., Dynamatic Div., 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., — 
Div., Schenectady 5, N, ¥Y. 

Janette Electric Mfg. Co., Morton Grove, 
Ii, 

Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, Ill. 

Metron Instrument Co. 457 
ver 3, Colo. 

Reeves Pulley Co., 


Lincoln, Den- 


Columbus, Ind. 


SPRINGS, COIL and FLAT 


American Steel & Wire Div., U. 8. 
Corp., Rockefeller Bldg.. tendenk” ‘s. 


Ohio 
Associated Spring Corp., Bristol, 
B-G-R Div., Associated Spring 
Plymouth & Ann Arbor, Mich, 
Barnes Div., Wallace. Associated Spring 
Cerp., Bristol, Conn, 
Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y 
Dudek & Bock Spring Mfg, Co., 4016 W. 
Grand Ave., Chicago 51, Ill. 
Dunbar Div., Associated Spring 
orp., Briscol, Conn. 
Gibson Div., William D., Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
ago 14, Ill, 


Conn 
Corp.. 


Bros, 


Gibson Electric Co., Old Wm. Penn 
Highway, Delmont, Pa. 
Hunter Spring Co., 22 Spring Ave., Lans- 
aale, P 
Instrument Specialties Co., Inc., 244 Ber- 
Little Falls, N. J, (Beryl- 
North 


. Co., 2646 W. 
IL 
v.. 


Div., 


Associated Spring 


Associated Spring 
rdena, Calif. 
STAINLESS STEEL. See Steel, Commer- 
eial Forms and Grades. 


STAMPINGS. METAL 


Auburn Manufacturing Co.. 
Middletown, Conn. 

B-G-R Div., Associated Spring 
Plymouth & Ann Arbor, Mich 

B Wallace, Associated Spring 


300-1 Stack, 
Corp . 


orp... i onn 
Barnes-Gibson-Raymond Div., Associated 
40300 Plymouth Rd., 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., W aterbury 20, 
Conn. 

Deringer Metallurgical 8111 Mon- 
ticello Ave., Skc 
judek k Spring Mfg. Co., 4016 W. 

. Chicago 51, Ill. 
Div.. Associated Spring 

. Conn 

Div.. 


Corp.. i 


Corp., 


= om Heaistor Electronics 
Fryling Mfg. Co., Erie, Pa. 
Gibson Div., William D., 

Spring Corp., 1800 


ng Fe Til. 

Heyman Mfg. Co., , mantener. 2. N. J. 

Tiseo Dept. F-4. 4730 Madison 
Ra. Cincinnati ‘br, hio. 

Kirk and Blum Manufacturing Co 
Forrer, Cincinnati 9. 

Laminated Shim Co..' Inc. 4808 
Glenbrook, Conn. 

—_ Spring & Mfg. Co., 2646 W. 

Ave., Chicago 47 


A 
Tool and Manufacturing Co., 
I 


Associated 
Clybourn Ave., 


. 3122 
Union, 
North 

4021 


a N., Associated 
.. Bristol, Conn. 
Kort Gear Co., 211 N. 
Chicago 7. Til. 
Milwaukee Div.. Associated Spring Corp.. 
Milwaukee, Wis. 
Mohawk Mfg. Middletown, 
(Threaded) 
Ohio Div., Associated 
Dayton. Ohio. 
ond Mfg. Div.. 
orry. Pa 
Beaboard Pacific Div.. Spring 
Corp.. Gardena. Calif. 
Sylvania Electric Products, Inc., 1740 
New York 19, N 
Fastener Corp.. 


Morgan, 


Conn. 


Spring Corp 


Associated Spring 


Associated 
ee 
Cambridge 


STAMPINGS, NON-METALLIC 

Auburn Manufacturing Co., 806-I Stack 
Middletown. Conn 

Coptinental- Diamond Fibre, A Sub of The 
Budd Co.. Inc., Newark 138. Del. 

Fryling Mfg. Co.. Erie, Pa. 


STARTERS. FLUORESCENT. See Fluo- 
rescent Lamp Aurxiliaries. 


STARTERS, MOTOR. See 


Controllers. 
Motor. Push Button Stations. 


STEATITE. See Ceramics. 


STEEL (Commercial Forms and Grades) 


Coated 
Enameling 
Stainless 

Cold Rolled Only 
are tal and Strips 
Tubi 


(T) 
(Bee. “sleo Steel, Electrical) 


Acme-Newport Steel Corp., 
(ADES) 

Allegheny Ludlum Steel 
Bldg.. Pittsburgh 22, Pa. 

American Steel & Wire Div., 
Corp., Rockefeller Bldg.. 


Newport, Ky. 


Corp., Oliver 
‘a v8) 


U. 8. Steel 
Cleveland 13, 
Ohio 
Barnes Div., Wallace, Associated Spring 
Corp., Bristol, Conn. (S-CO) (Spring) 
Carpenter Stee] Co., 115 W. Bern, Read- 
ing, Pa, (S-BNT) 
Brass & Copper Co., Sub. of 
Kennecott Copper Corp., Waterbury 20, 


‘onn. (2) 
Columbia-Geneva Steel Div., 70 S. Steel 
Corp., San Francisco, Cali 
Vilbur B., 1875 
Newark, N. J 


Ww 
& Laughlin Steel Corp., 
Div., Youngstown 1, 


Corp 
Box 4606, 


McCarter 
(Staipless 
Strip 
Ohio 

Laughlin Steel 
° iv.. . oO. 


BNS 
‘Tube. Div., U. 8. 
tsburgh, 


. Stainless 
Detroit 34, 


Steel Corp., 
a. 
see a & ‘4 Div., U. 8. Steel 


Corp.. _ a. 
U._5. Stee Ge 525 William Penn PL, 
Pittsburgh 30, Pa. (S-ACDN) (T-ACN) 
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THE SMALLEST ROTARY SWITCH 
EVER MADE! 


A new sub-miniature rotary selector switch, developed by DAVEN, is 
specifically suited for application in missiles, aircraft, handy talkies, 
field pack sets, frog-man communication equipment, and all types 
of mobile apparatus. This explosion-proof, waterproof switch has the 
same reliability as its bigger brothers... butin a fraction of the space. 
It meets applicable military specifications on temperature, humidity, 
corrosion, vibration, acceleration, shock and immersion. 


This unit is available as a single pole, 10 position switch and can be 
obtained with up to four poles on a single deck. 
2005 


|. 28 THREAD 


LIVINGSTON, NEW JERSEY * Length of shaft to customer's requirements 


Write today for comprehensive technical report on the new 
eries G Sub-Miniature Rotary Switch. 





Daven’s New Series G Sub-Miniature Switch, 1/2’’ Diameter 











Circle 338 on page 17 


Titebiem MINIATURE SPEED CHANGERS 
.Ready-to-go 
in your product 


e Complete 
e Compact 
e Adaptable 


Save design, production, and assembly costs 


... USE METRON SPEED CHANGERS 
AS COMPONENTS IN YOUR PRODUCT 


@ Over 400 different standard © Concentric ball-bearing input and 
ratios! 10:9 to 531,441:1 output shafts 


@ Small! 1.050" diameter. 
Overall lengths: Class A. 3-1/8” @ Hardened steel spur gears 


Class B, 3 -15/16": Class C, 4- ft @ Permanent lubrication 


@ Transmit power either way fo © Prompt delivery on production 
100:1 ratios or experimental models 


Write for Bulletin 100 


INSTRUMENT COMPANY 


457 Lincoln St., Denver 3, Colo. 


DISTRICT OFFICES »« NEW YORK « CHICAGO 
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© Permanently anchor 
exterior conductors 
© Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs — 
anchor cords and cables at point of ~ 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. : 


FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


Slight pressure permanently positions 
this one-piece type. The strain relief ~ 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 
Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 
Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


GRIPMASTER WIRE 

BINDING SLEEVES— 
Prevent the fraying of © 
cord ends. Specially treat. 
ed rubber tubes ayailable | 
in 5 wire sizes to -790. 


_CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS . 


EORGE WALKER COM 


Teh debate MANUFACTURERS 
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NEW POWER 
SUPPLY CORD IDEAS 


in VINYL from ROYAL 


for Radio, TV, and Hi-Fi Manufacturers! 


NEW SNAP-AND-LOCK TV 
connectors. Easy to install 

can’t pull out. Built-in 
strain relief. Available in 
three styles — with 5/16” 
extension shoulder (shown), 
¥g” shoulder, or flush front. 


NEW RIGHT ANGLE (rivet 
type) connectors (part 
TVAC) for Radio, TV, and 
Hi-Fi applications. Also 
straight connectors (part 
TVCT). 


NEW FINGER-PULL HANDLE 
CAP — a right angle cap with 
built-in finger-fitting handle. 
Ideal for portable radios and 
other applications. Styled to en- 
hance your product. 


NEW TRADE MARK SERV- 
ICE available to quantity 
buyers of power supply 
cords. Another opportunity 
for you to display your 
nationally advertised trade 
mark. 


+4 


NEW CHOICE OF BLADE DESIGN 
— caps available with either solid, 
flat, or spring-action blades at your 
option. 


#6 


NEW COLOR SPECTRUM 


cord from cap to con- 
nector can be furnished in 
practically any color of the 
rainbow. 


Let us quote on your design ns i ... or write for 
added information on these and other ROYAL POWER 
SUPPLY CORDS. 


ROYAL ELECTRIC 
CORPORATION 


an associate of International Telephone 
and Telegraph Corporaticn 


Pawtucket e« Rhode isiand 
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STEEL, BLECTRICAL (Silicon) 
(Sheets and Strips) 

Acme- Newport te Corp., Newport, Ky. 

Allegheny Ludlum a _ a... Oliver 
Bidg.. Pittsburgh 22, 

— Steel Corp., 1378 rSurtis. Middle- 

Dept. 1441 


5926, 
Cleveland 1 
525 William “Penn 
Pa. 


own, ° 
Republic Steel Corp 
Republic Bidg., 
U. 8. Steel Corp., 
Pl., Pittsburgh 30. 


STRAIN 
Clamps. 


RELIEFS. See Grips and 
Strain Relief. 
STRIPPERS, WIRE 
Artos Engineering Co.. 
Milwaukee 7, Wis 

— ee Inc... 


2737 =8. 
. © 1668 8. Clinton, 
Holub edeswiss, Inc., 445 Elm. Syca- 


Leaae Chemical Co., Inc., 1537 N. 81st 
Ave., Melrose Park, Ill, (Solvent) 


28th 


Syra- 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


AMP 
Bivd., 
American 


Incorporated, 5284 
Harrisburg, Pa. 
Lava Corp., Chattanooga 5 


enn. 

Audio Development Co., 2836 13th Ave 
South Minneapolis 7, Minn 

Buchanan Electrical Products Corp., 225 
Route 22. Hillside, N. J 

Burndy Corp., Omaton Div.. 


Eisenhower 


Norwalk 
nn. 
Ome Development & Mis. Co.. 3266 
v Wis. 
. Inc., 1264 St 
Milwaukee 1, Wis. 
Hart Manufacturing Co 
ve.. Hartford 1, 
Ilsco Corp.. Dept. 
Rd., Cincinnati 23. 


Paul Ave 


. 211 Bartholomew 


Con 
F-4, 4730 Madison 
Ohio 
Jones Div., Howard B., Cinch Mfg. Corp 
Chicago 24, Ill 
Molex Products Co., Brookfie 
Mycalex Cm, of America, 
Clifton, N. 
Stromberg- ilies, A Div 
Dynamics Corp., 117 
Rochester 3. N. ¥ 
Thomas & Betts Co., Ine., 
Elizabeth 1, N. J. 
United States 
of The 
1 N.J 


Id, Tl. 
Clifton Bivd 


of Genera! 
Carlson Rd. 


28 Butler 


Plastics Div 
Packing Co., Camden 


Gasket Co., 
Garlock 


SWITCHES, AUTOMATIC and MANUAL 
Float (Liquid Level) 
Limit (Snap-Action) 
Magnetic 
Mercu. . 
Pressur 
Therma: 
Time 
Transfer 
yacuum 
Canopy and Fixture 
Foot 

Heater (series Multiple) 

Jack, Kry and Lever 


‘oggle, Slide, 
) 


Through Card (Snap) 
axial 


Motor Speed Control 
Rotary 

in 
Push Button (¥) 


See also Circuit 
Stations: 
Timers 


Breakers: 


Push Button 
Controllers, 


Motor; Relays; 


50 State, 


AEMCO. Inc., Mankato, 
GR 


- Minn 
Adams & Westlake Co., 1168 N. Michi 
gan, Elkhart, Ind. (D) 
—_ Bratiey Co., 1316 8S. Second, Mil- 
Wis. (ACEFIJPR) 
Allied Control Co., Inc., 

New York 21, N. Y. 
Anderson Controls, Inc ; 
Franklin Park, Ill 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. (ACDHK 

MPRT) 
Automatic Electric Sales Corp., 
ake, Ill. (BCDGHLNRSTVW) 
Automatic Switch Co., 50-M Hanover Rd., 
Florham Park. N. J. (CHR) 
Centralab, Div, of Globe-Union Inc., 
Milwaukee 1, 


9959 Pacific Ave., 


North- 


962K 
Wis 


Electrical 
Deerfield Rd., 


Products 
Highland 


Corp., 1650 
Park, Il. 


Co.. Trenton 4, N. J 


Cc, P., 3101 Pratt Blvd. 
Ch ni. (Sw) 
Clark Controller Co.. 1146 E. 152nd, Cleve- 
an 0. Ohi 
3349 


( 

Comar Electric Co., Addison 
Chicago 18, Il («(N) 

Controls Co. of America, 
Ave., Schiller Park, Il. 
amer Controls Corp., 
brook. Conn. (C) 

One Hinds Co.. Syracuse 1, N. Y. 

Curtiss- Wright Corp., 

Cutler-Hammer, Inc.. 


9551 Soreng 
(ABELPS) 
Box 8. Center- 


Caristadt, N. J. (F) 


, Div. of American- 
5900 Trumbull Ave., Detroit 
8, Mich. (BEFJXY) 
Durakool, Inc., Elkhart, Ind. (D) 
Eagle Signal Corp, 202 20th, Moline. Ill. 


Switch Div., 4238 W. 


Electrosnap Corp., 
I (BNOPSVWY) 


Lake, Chicago 24, Ill. 


Electro Switch Corp., Weymouth 88, Mass. 


Furnas Electric Co., 1024 McKee, Batavia. 
Ill. (ABCEFLO) 
G-V Controls, Inc., 
East Orange, N. 
General Electric Co., Construction Ma- 
terials Div., Bridgeport 2, Conn. “ 
General Electric Co., Apparatus Sales Div., 

Y. (ABCDEFGHJK 


8 Hollywood Plaza, 
‘J. (FG) 


) 
Guardian Bt Walnut, 
Chicago 12, 
Hart Manufacturing Co., : 
Ave., Hartford 1, Conn 
Haydon Div. of General ers Corp., 
Elm, Torrington, Conn. 
Heinemann Electric Co., 


‘Bartholomew 
(MOPRSU) 
ssl 


99 ‘Plum, Tren- 


> a ..(0) 

Hetherington, Inc., 1200 Elmwood 
Sharon Hill. Pa. (P) 

Jennings Radio Manufacturing Corp., 970 
a Ave., P. O. Be 278, San 
Jose 

Kellogg ‘Switchboard and Supply Co., 6650 

Ave., Chicago 38, Ill. (8) 


Ave... 


(Crossbar) 


Leland, Inc., G. H., 123 Webster, Daytor 


Co., Inc., P. R., Indianapolis 
(GNPSWY) 
Mechanical Industries Production Co.. 21) 
Ash, Akron 8, Ohio 
Micro Switch, A Div. of Honeywell, 
port, Til (BDFLSW) 
Miller-Harris Instrument Co., 611 _E. Og- 
den Ave. yao e Wis. (G) 
National Acme Co E. 131st. Cleve 
land 5, Ohio (BP). 
North Electric Co., 852 S 
Ohio (W) 
Oak Mfg. Co., 


Free 


Market. Galion 
1260 N. Clybourn Ave., 
(NWZ) 

. 3613 


Chi- 


Howard, Skokie 


) 
R-B-M Div., 


port, Ind. 
Relay Sales Inc., 
cago, 
Robertshaw-Fulton Controls Co.. 
Columbus 16, Ohio (B) 
Spencer Div., 
3610 Forest, 


Essex Wire Corp., Logans- 


Box 186-B, West Chi- 


Acro Div., 


Metals & 
Attleboro, Mass 
Square D Co., 4041 tienar 5, 
kee 12. Wis. (ABC EFLOP R) 
Stackpole Carbon Co., St. Marys, Pa. (P) 
Stromberg-Carlson, A Div. of General Dy- 
namics Corp., 117 Carlson Rd., Rochester 


ce mntrols Corp., 
oF) 


Milwau 


Struthers-Dunn, Ine... 
Switcheraft, Inc 
Chicago 30, ne. (N) 
Tabet Manufacturing Co., Inc., 1336 Bal 
lentine Blvd Norfolk "Va (Ww) 
Ther Electric & Machine Works, 
Jefferson, Chicago 6. Ill. (Ss 
Tora Engineered Products a: 
Monroe, Bedford, 
Unimax Switch Div.. 
Corp., Ives Rd., Wallingford, 
Ward Leonard Electric Co 34 
Mount Vernon. N. Y. (CGHOR) 
Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30. Pa. (ABC DEFGHLOPS) 
Zenith Electric Co., 152 W. Walton. Chi- 
cago 10. Ill. (HR) 


Pitman, N 
39 N 


Elston Ave., 


11A 8. 
34 W 


Maxson 
Conn. (D) 
South, 


SYNCHROS. See Servomechanisms 


TACHOMETERS 
D & R Ltd., 402 E. Gutierrez, P. O. 
Box 1500, Santa Barbara, Calif 
General Electric Co., Apparatus Sales Div.. 
Schenectady 5. N. Y¥ 
Metron Instrument Co., 457 Lincoln, Tven- 
J ». 
Eleetric & Engineering Co.. 
279-A, Cleveland 17, Ohio 
Electrical Instrument Cor A 
of Daystrom, In 614 Freling- 
huysen Ave., Newark 5 J. 


TAGS, TERMINAL 

National Band & Tag Co.. P. O 
9-254, Newport 

Natvar Corp., 207 
bridge. N. J 


Bor 


Ky 
Randolph Ave.. Wood- 


TANTALUM 

Fansteel Metallurgical 
cago. 1 

Mallory & Co., Inc.. P. R.. 
6. Ind. 


Corp., North Chi- 


Indianapolis 


TAPE, ADHESIVE and COIL 
FASTENING 
Insulation Manufacturers 
Washington Blivd., Chicago 6, 

Johns-Manville, Dutch Brand 
7800 Woodlawn Ave.. Chicago 

Minnesota Mining & Mfg. Co., 
Products Div., 900 Fauquier Ave., 
Paul 6, Minn. 

Permacel-LePage’s Inc., 
N. J. 


Corp., 565 W. 
L 


New Brunswick, 


TAPE, FRICTION and SPLICE 
Insulation Manufacturers Corp., § w. 
Washington Bivd., Chicago 6, IIL 
Irvington Div., Minnesota Mining & Man- 
| Co.. 9 Argyle Terrace, Ir- 
ngton 11, N. J. 
Johns- Manville, Box 14, New York 16, 
N. 
Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19. TL 
Minnesota Mining & Mfg. Co., Electrical 
ucts Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 


TAPE, INSULATING. See Fabrics, In- 
sulating; Sleeving and Tape, Asbestos 
Tape, Friction and Splice; Tape end 
Sheeting. Synthetic Resin. 


TAPE, MAGNETIC RECORDING. See 
Magnetic Recorder Components. 
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VIBRATION 


TESTING 


Today's rugged testing programs require 
new equipment with wider operating 
ranges ... 


Zenith Automatic Transfer Switches assure full 
protection against any failure of regular voltage. 
a , Transfer to emergency power in a fraction of a 

New facilities permit us to offer eos ar t ti t 70% of li aa 
vibration testing through the second is automatic at 70% of line voltage. 
range of 5- 5,000 cps with thrust Regular power is restored at 90% of line voltage. 
forces to 4500 lbs. under combined imple design . - 
environments of —100 to +300°F. TEM | Si po aa 1 x k a — 2 caer anc 
and altitudes in excess of 100,000 rr) - - SWILCHES 10C mec anically roug 
ft. With special provisions, tests | \e \ trouble-free toggle action . . . no springs, 
can be conducted to 900°F. All test \ eas latches or delicate mechanisms. 


instrumentation used is certified ae ar : - 
by the Bureau of Standards. rin] = \\ Available electrically or mechanically 
\ 


=.\\ held, 30 to 400 amps. 
=" ¥ Send for free catalog oncomplete Zenith line. 


\= 








INLAND TESTING LABORATORIES 


COOK TECHNOLOGICAL CENTER 
6401 OAKTON STREET, MORTON GROVE, ILL. 


1482 STANLEY AVENUE, DAYTON, OHIO 152 WEST WALTON STREET ° CHICAGO 10, ILLINOIS 
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ACE FABRICATED PLASTIC PARTS 


FAST SERVICE LOW COST LAMPLES/ 
BALLS * 


BOBBINS 


ut , PLASTIC 
So 


KNOBS ; 
MECHANICAL TEST 'EM AT 


CHECKS ; OUR EXPENSE AND 
NAME PLATES _ SEE WHY THERE'S 


cies MILLIONS IN USE! 
PLUGS Available in 
RINGS , @Saran @ Nylon 
SPACERS ee @ Ethyl Cellulose 
SPOOLS ' pn - 
STANDS é <i es eG 
STRIPS ——) je. - SIGE SEeS 

SIZES: FOR GROUP WIRE ' MAIL 
*” to 2%” a IT TODAY! 

LENGTHS: ce? ? 
1/16” to 9” FOR SINGLE WIRE 
New e-x-p-a-n-d-e-d production facilities now give aa 
you ACE PRECISION on all types of screw machine c 1 NAME 
centerless ground parts and special shapes...all FOR FLAT i ie 
colors...all materials. TWIN LEAD-IN FIRM 
Extrusion Molders 


Write, wire, phone for samples, prices and Fabricators 
and Bulletin F listing stock items. STREET 


Send specifications or blueprints for 
prompt quotations on specials. 4 CITY. 


ACE PLASTIC COMPANY 


91-64 Van Wyck Expwy., Jamaica 35,N. Y. JAmaica 3-5500 


Send Samples of PLASTIC CLAMPS 


























445 Elm St., Sycamore, Ill. 
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THE TREND» 
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LISTED: BY UNDERWRITERS 


IMMEDIATE 
DELIVERY! 


INDUSTRY DEPENDS 
ON THE 
MULTI-UNION LINE 
FOR HIGH STANDARD 
OF QUALITY. 


INDUSTRY DEPENDS 
ON MULTI FOR “ON- 
TIME’ DELIVERIES. 


QUALITY 
* WHITE GLAZED PORCELAIN 
+ SLATE 

*MOLDED COMPOSITION 


a 


Fuse Clips — Ferrule Type are 
of spring tempered special 
bronze selected for its high 
conductivity and long lasting 


tension 


BULLETIN WD457 
GIVES COMPLETE DATA 


ELECTRIC MFG. 
4219 W. LAKE ST. CHICAGO 
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INC. 


TAPE, MICA. See Mica 


TAPE and 
RESIN 


eee So... 


SHEETING, SYNTHETIC 


, Resinite Dept.. Santa Bar- 
Continental ‘Diemond Fibre <} Sub of The 
udd © Newark 13. De 

du_Pont de Nemours & Co ‘ine. E. L. 
Plastics Div., Polychemicals Dept., Wil- 
mington 98, Del 

Insulation *. Corp., 565 W. 
Washington Bivd.. Chicago 6, Il 
Irvington Div., Minnesota Mining & 
Manufacturing Co.. 9 Argyle Terrace. 
Irvington 11, N. 

Minnesota Mining & Mfg. Co., Electrical 

900 Fauquier Ave., St. 


Randolph Ave.. Wood- 


rsey Wood Finishing Co.. 
Insulation Dept.. Woodb ma. 


United States Gasket Co., Plastics Div. 
of _ Garlock Packing Co., Camden 1, 

TAPES, MEASURING 

Keuffel & Esser Co. 


TELEPHONES 
Crouse-Hinds Ce., Syracuse 1, N. Y. 
Kellogg Switchboard and a. Co, , 6650 
8S. Cicero Ave., Chicago 88. IIL 
Holtzer- 
19. 


J 
trical 


Hoboken, N. J. 


National Pneumatic Co Inc., 
Cabot Div., 125 Amory, Boston 


ass 

Stromberg-Carlson, A Div.. of Saee 
Dynamics Corp., 117 Carlson Rd., 
chester 8, N. Y¥. 

TEMPERATURE CONTROLS. See Con- 
trols, Pressure and Temperature; Relays: 
Switches; Thermometers: Thermostats. 

TERMINAL BLOCKS. 


TERMINALS. See Lugs and Terminals 


See Strips. 


TESTING CHAMBERS. See Chambers, 
Test. 


TESTING INSTRUMENTS. See Instru- 
ments. Also Tools. Portable. 


TESTING LABORATORIES 

Inland Testing Laboratories k Tech 
nological Center, 6401 Oakton, Mortor 

Grove, Ill. 


THERMAL SWITCHES. See Switches. 


THERMISTORS 

General Electric Co. 
ucts Dept.. 11131 
troit 32. h. 

Victory a os 
field Rd.. Union J. 


Metetieateal Prod- 
E. 8 Mile Ave., De- 


109 Spring- 


THERMOCOUPLES 

General Electric Co.. Apparatus Sales Div.., 
Schenectady 5, N. 

ees Products Corp.. New Haven 4. 

onn. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30. Pa. 

Weston Electrical Instrument Corp., 
sub. of Daystrom Inc., 614 os 
huysen Ave., Newark 5. 'N. 

— Instruments Div.. Barber-Colman 

1403 Rock, Rockford. Ml. 


THERMOMETERS 


Weston Electrical —_ oY Corp., A sub. 
614 Frelinghuysen 


Ave., ° 
Wheelco Instruments Div.. Barber-Colman 
Co., 1403 Rock. Rockford, Ill. 


THERMOPLASTIC WIRE. See Wire and 
Cable. Insulated. 


THERMOSTATIC BIMETALS 

Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N. Y. 

Chace Co., W. M., 1608 Beard Ave., De- 
troit 9. 

Eagetherd Industries, Inc., H. A. Wilson 
” U.S. Highway No. 22, Union, 


4 
General Plate Div.. Metals and Controls 
Corp.. 1910 Forest, Attleboro, Mass. 


THERMOSTATS 
Berber Colman Co., 


ons Development & Mfg. Co., 8266 N. 
33rd. Milwaukee 6. Wis. 

Curtiss-Wright Corp., 4 Carlstadt. N. J. 

G-V Controls, Inc., ollywood Plaza. 


East Orange. N. 

General Electric o.. “Apparatus Sales Div., 
Schenectady 5, N. Y. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Mechanical Ir ee Production Co., 211 


1803 Rock, Rockford. 


Robertshaw- Fulton Co ‘ontrols Co., Acro Div. 


Columbus 16 
Spencer Div.. Metals & Controls Corp., 
8610 Forest, Attleboro, Mass. 

Co.. Inc., Lexington ana 


.. Ohio. 
Manufacturing Corp., 429-88 
‘ h, New York 56, N. Y. 
Torq Engineered Products, Inc.. 34 W. 
Monroe. Bedford. Ohio. 
George, 420 Market, Newark. 
Electric Corp. 
> g. No. 3, 401 
Pittsburgh 30. Pa. 
co Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Il. 


Gateway 


Westinghouse 
Center. Bidg iberty Ave.. 


Wiegand Co.. Edwin L.. 7530 Thomas 
Bivd.. Pittsburgh 8. Pa 

Wileolator Co.. 1001 Newark Ave., Eliza- 
beth. N. J. 


TIMERS, MOTOR 

AEMCO, Inc., 50 State. Mankato, Minn. 

Allen-Bradley Co., 1316 S. Second, Mil 
waukee 4, Wis. 

Controls Co. of America, 9551 
Ave., Schiller Park, ill 

Cramer Controls Corp., Box 8 
brook, Conn 

Eagle Signal Corp., 202 20th 


General Electric Co., 
Schenectady 5, N 

Hansen Manufacturing Inc.. 
ton nc 


Soreng 
Center- 
Moline 
idan Sales Div., 
Prince 
w 234 N. Elm. Water 
20 
Div f General Time Corp., 2533 
. Torrington, Conn 
Industrial Timer Corp 1411 
Highway. Newark 4 Se 
Miller Harris Instrument Co., 611 E Og 
den Ave., Milwaukee 2, Wis 
Belay Sales Inc Box 186-B.) Weat Chi 


MeCarter 


. 4041 N. Richards. Milwau 
Stromberg- Carls n, A Div. of General Dy 
namics Corp., 117 Carison Rd.. Rochester 


Struthers-Dunn, Inc.. Pitman, N 
Ward Leonard Electric Co 34 
Mount Vernon. N Y 
Westinghouse Electric Corp Gateways 
Center, Bidg I 3, 401 Liberty Ave 
Pittsburgh 30. 
Zenith Electric Co 
cago 10, Ill 


J 
South 


“152 W. Walton, Chi 


TIME SWITCHES, See Switcies 


TOOLS. PORTABLE 

Barber-Colman Co.. 1808 Rock, Rockford. 
I (Hardness Testing) 

Gardner-Denver Co., Quincey, Tl. 
matic) 


(Pneu- 


tts Co., 


as & Be Butler 
Elizabeth 1. N. J. 


2 
(Terminal Tools) 


TRACING CLOTH, FILM and PAPER 

Keuffel & Esser Co.. Hoboken. N. 3 

Ozalid, A Div. of General mailine & Film 
Corp.. Johnson City, N. Y 


TRANSDUCERS, PRESSURE 
Electro Products Laboratories, Inc., 4501 
Ravenswood Ave., Chicago 40, Ill 
Servomechanisms, Inc. Mechatro] Div., 17 
Brooklyn Ave., Westbury, L. 7 me : 


TRANSFORMER HOUSINGS. See Cabi 
nets. Sheet Metal 


TRANSFER SWITCHES. See Switches 


TRANSFORMERS, ELECTRONIC 
Acme Electric Corp., 3510 Water, Cuba, 


Airpax Products Co., Ft. Lauderdale. Fla 

Audio Development Co.. 2836 18th Ave 
South Minneapolis 7, Minn 

Caledonia Electronics & Transformer Corp 
Dept. EM-9, Caledonia, N, 

Chicago Standard Transformer Corp., 3501 
Addison. Chicago 18. 

Comar Electric Co.. 3349 
Chicago 18 , 

Dano Electric Co.. 93 Main. 

1901 Clybourn Ave., 


Addison 
Winsted. 
n. 
Electran Mfg. Co., 
Ch 14. Til. 
Winding Laboratories. P O 
. Dept. EM-8, Trenton 3, N. J. 
BCA Electron Tube Div.. Radio Corp 


of America. Harrison. N 
Bola Electric Co.. 4638 W. 16th. Chicago 


60. 
Standard Electrical Products Co.. 2240 E 
Th Ohio 


ird. Dayton 
es Le ay Incorporated. 6000 
Ave., Dallas 9. Texas 
United ' Frensformer Co.. 150 Varick. New 
York 18. N. Y. 


TRANSFORMERS, BALLAST. See Fluo- 
rescent Lamp Auriliaries. 


TRANSFORMERS, INSTRUMENT 
CURRENT 


Acme Electric Corp., 3510 Water, Cuba, 


Chicago Standard Transformer Corp., 3501 
Addison, Chicago 18, Ill 
Comar Electric Co., 3349 
Chicago 18, Ill 
Dano Electric Co., 
onn, 


Addison, 


93 Main, Winsted, 


Electran Mfg. i" 1901 Clybourn Ave.. 
. Apparatus Sales Div.. 


tady 5. 

Bola Electric Co.. ‘ies3 W. 16th. Chicago 
0. 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3. 401 Liberty Ave.. 
Pittsburgh 30. Pa 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc.. Frelinghuysen 
Ave.. Wewark 


TRANSFORMERS. POWER CIRCUIT 

fame iaetete Corp., 3510 Water, Cuba, 

Chicago Standard Srenferner Corp., 3501 
Co., 3349 Addison. 


. Butler. Pa. 
Cutler- “ty =. 1264 St. Paul Ave., 


Milwaukee vis 
Dano Electric Co.. 93 Main, Winsted, 
Conn. 
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CONSTANT VOLTAGE 
STABILIZERS 


Provide +1% Regulation, 
Overload Protection 


This new series of Acme Electric constant 
voltage stabilizers include all the features 
engineers requested in custom made units. 
Designed to stabilize a voltage which may 
vary over a range as much as 30%. Stabili- 
zation response is practically instantaneous; 
inductive surges or other causes of fluctua- 
tion are corrected within 1/30 of a second. 


Under overload or short circuit condition, 
output voltage automatically drops to zero 
thus limiting the current and providing full 
protection. 


No. 7252-H—Plunger 
Guide Roller for Hay Revolutionary NEW 


Baler 


cl BEARINGS 
Meet...and Beat 


KY nibad tearures 


*Solid Inner and Outer Race- 
ways 

*Deep, Continuous, Unbroken 
Ball Grooves 

*Full Complement of Balls 





NICE now offers Product Designers the new and different 
UNIBAL® Ball Bearing. UNIBAL design and manufacturing 
methods (patent applied for), produce bearings of excep- 
tional durability and strength. They feature solid inner 
and outer raceways with deep, unbroken ball grooves... 
there are no split races or loading slots, yet there is a 
full complement of balls. NICE bearing No. 7252-H illus- 
trates the ruggedness of the UNIBAL construction. Your 
Inquiries are Invited. 


‘ NICE BALL BEARING CO. 


NICETOWN« PHILADELPHIA * PENNSYLVANIA 
DIVISION OF CHANNING CORPORATION 
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SEND FOR NEW CATALOG 


New Bulletin CVS-321 gives engineer- 
ing data; performance curves and full 
specifications. Write for your copy. 


ACME ELECTRIC CORPORATION 


3510 WATER STREET @ 


rely on Sherman 


. GF-13B Solderless Ground Fittings—Rugged bronze for 


strong, permanent grounding. For '2-1", 1'4-1'2", 12-2” pipe. 


. GF-23 Conduit Solderless. Adjustable swivel hub. Strong 


bronze alloy. For '2" to 1" dia. pipe. 


. Cast Clamps meet REA and utility standards. Low-resistance 


copper alloy. Wedged connection won't loosen. 


- SL Type. UL approved. Tempered pure copper. Wire up to 


AWG °8 solid. Positive and permanent. 


H. B. SHERMAN MANUFACTURING CO. 


Battle Creek, Michigan 


Circle 350 on page 17 





CUBA, NEW YORK 


THE REVOLUTIONARY PROVEN LOW-COST 


W cn @ w= if 2 nin 


CONTROLLED HUMIDITY CHAMBER 


645” 


Complete price 
(No extras to buy) 


CONTROLS HUMIDITY 
*20%, t0 99%, + 1%, 
(*Depends on Dry Bulb 


Temperature) 


CONTROLS DRY BULB 


Ambient to 170°F. + I°F. 


Compact, Complete, fully 
automatic Controlled R.H 
offered at low cost. Inverted 
Pyrex Jor (16'"Dx!2"'H used 
as work chamber) placed on 
Stainless Steel Cabinet 
housing Controls, Motor 
ond Blower. Accurate. stable 
controlled humidity. 


Patents Pending 


MECHANICAL 
ANNULAR AIR FLOW 


FULL ACCESSiBnypy 
Large Humidity Cabinets 


Also Available 
IDEAL FOR MANY MiIL, JAN, 


TA AND ASTM TESTS 


BLUE M ELECTRIC CO. wr isiano, uw 


MANUFACTURERS AND DESIGNERS OF COMPLETE 
TEMPERATURE CONTROLLED EQUIPMENT 
Circle 351 on page 17 


FULL VISIBILITY 


aN 5 reasons why 
' you should specify 
T&B Sta-kon Terminals 


Pe 


HIGH CONDUCTIVITY... Pure electrolytic cop- 
per tongue. Long stake mark assures large 
contact area for low resistance and low volt- 

age drop. 
TIGHT, SURE CONNECTIONS... Serrated tongue and 
barrel never relax grip on cable. Once staked 
T&B Sta-kon Terminals are on to stay. 
EASY TO INSTALL...without flame, heat or flux. 
A T&B Shure-Stake hand tool is all you need 
to stake terminal to cable... bench tools also 
available. 
CORROSION RESISTANT... Cable and barrel are com- 
pressed into a solid mass. There are no voids to 
permit interior attack from corrosive agents or 
/ atmospheres. 
/ AVAILABLE IN A COMPLETE LINE... Including “specials” 
Wire sizes 22 to 4/0. Varied tongue styles and stud 
sizes, with and without insulation. 
For information on the complete line of T & B Sta-kon ter- 
minals send for your FREE copy of T & B Bulletin +61 today. 


T 321 


A 


THE THOMAS & BETTS CO. 


INCORPORATED 
Elizabeth 1, 


MONTREAL, P. 


28 Butler Street, New Jersey 


THOMAS & BETTS LTD., Q., CANADA 


322 Circle 352 on page 17 


Dormeyer Eaducsries. 3424 Milwaukee Ave., 


eee 41 4 
Mfg. Co., 1901 Clybourn Ave., 


tran 
Chicago 14, Ill. 


| General Electric oo Apooratus Sales Div., 


Schenectady 5. 
Hevi Duty Electric Co., Milwaukee 1, 


Wis. 
Nothelfer Winding Laboratories. P. o., Box 
455. Dept. EM-8, Trenton 3, N. 
RCA Electron Tube Div., Radio ies 
America, arrison J. 
— Electric Co., 4633. Ww. "16th, Chicago 
Standard Electrical Esogents Co., 2240 E. 
Third. Dayton 3, Ohi 
Works. 11A 


wir Electric & Machine 

Jefferson, Chicago 6, Ill 
United nae Co., 150 Varick, New 
6454 Plymouth 


Gateway 
~ ~ aor Liberty Ave.. 


Electric Corp., 
-. Bt. Louis <a ae. 
Westinghouse c 
Center, Bldg. N 
Pittsburgh 50. 


TRANSFORMERS, VARIABLE 
VOLTAGE 


Acme Electric Corp., 3510 Water, Cuba, 
N 


Comar Electric Co., 3349 Addison, 


Chicago 18, 
Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, Iil. 

Hevi Duty Electric Co., Milwaukee 1, Wis. 
RCA Electron ae Div., Radio Corp. of 
America, Harrison, N. J 

Standard Blectrical” Products Co., 2240 E. 
Third, Dayton 3. 


TRANSISTORS and CRYSTAL DIODES 
Clevite Transistor Products Div., Clevite 
. 241 Crescent, Waltham 54, Mass. 
‘o., Electronics Div., 
Electronics Park, Syracuse 1, N. 
(Germanium & Silicon Transistors) 

Hoffman Semiconductor Div. of Hoffman 
Electronics Corp.. 930 Pitner Ave., 
Evanston, Til. 

Hughes Products, Div., 
International Angeles 
45, Calif 

International 


Semiconductor 
Airport Sta., Los 


Resistance Co., 401 N. 
Broad. Philadelphia 8, P. 
RCA Semiconductor Div., 
America, Harrison, N. 
Sprague Electric Co., 307 
Adams Mass. 
Sylvania Electric Products, Inc.. 
Broadway. New York 19, N. Y 
Texas Instruments Incorporated. 6000 Lem- 
on e.. Dallas 9, Texas 
— Corp.. 


a. 

Radio Corp. of 
Marshall, North 
1740 
Electronic Wakefield, 
Westinghouse Rieetrs 


Center, Bldg. No 3 
Pittsburgh 22, Pa 


Corp., Gateway 
401 Liberty Ave.. 


TUBE PARTS (Electronic). 
tronic Tube Components 


See Elec- 


TUBES, CATHODE RAY 

Dumont __ Laboratories Allen B., 760 
Bloomfield Ave., Clifton, N. J 

General Electric Co.. Tube Dept., 
tady 5. N. Y 

RCA Electron Tube Div., 
America. Harrison. N 


Schenec- 


Radio Corp. of 
J 


TUBES, ELECTRON 
Amperex Electroni 
I., 


(Industrial) 
Corp 230 Duffy Ave., 
Hicksville, L 
Amperite ©vo.. Ine.. 5%! Broadway, New 

York 12. N. Y. 
Chatham Electronics, Div. 

Electric Inec.. Livingston. N. 3 
Dumont Laboratories Allen B., 760 

Bloomfield Ave., Clifton, N. J 


Electrons Inc.. 127 Sussex Ave.. 


of Tung-Sol 
y. J 


Newark 
Tube Dept., 


Electron Tube 
Airport Sta., Los 


Radio Corp. of 
1740 


General Electric Co.. Schenec- 
tady > Ue 
Hughes Products, 
International 
45. Calif 
RC ye Electron sie Div., 
erica. 801 N 
syivanie 


Div., 
Angeles 


"Products, Inc... 

} . 2M. =. 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 "Liberty yt 
Pittsburgh 80. Pa. 


TUBES, 
Glass. 


METALLIZED 
Technical 


GLASS. See 


TUBES, PHOTOELECTRIC. 
electric Cells and Tubes. 


See Photo- 


TUBES, THERMOCOUPLE 


Kanthal Corp.. 3 Amelia Place, 
Conn. 


Stamford, 


TUBING. ALUMINUM. See Aluminum 


bla BRASS. BRONZE and COP- 
PER. See Brass, Bronze and Copper. 


TUBING, FIBRE. See Fibre 


TUBING, LAMINATED METAL. 
Laminated Metals, 


See 
Precious and Base. 


TUBING, MICA. See Mica. 


TUBING, NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy. 


TUBING, PAPER 
ar Container Co.. 
Ave., Cleveland 2. Ohio 
Continental-Diamond Fibre. A Sub. of The 
Co., Newark 13, Del. 
Paramount Paper Tube Corp., 612 Lafa- 
yette, Ft. Wayne 2, Ind. 


6201 Barberton 


TUBING, SILVER. See Silver and Silver 
Alloys. 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


a Co.. Resinite Dept., Santa Barbara, 


Continental Diamond Fibre. A Sub. of The 
udd .. Newark 13, Del 
aan Manufacturers 
Washington Blvd., Chic 6. Ml. 
Irvington Div P Sanente Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Ir- 
vington 11, N 
Natvar Corp., 207 
bridge, N. J. 
Varfiex Corp., 504 W 
Westinghouse Electric 
Center, Bldg. No. 
Pittsburgh 30. Pa 


TUBING and SLEEVING, 
PLASTIC 


Borden Co.. 
Calif 


enna Electric Co., Dept., 
Decatur, Ill. 

Insulation Manufacturers Corp., 565 W 
Washington Blvd.. Chicago 6, Ill. 

Irvington Div., Minnesota Mining & Man- 
opto Co. 9 Argyle Terrace, Ir- 
vington 

National Citeatets Fibre Co., 
ton 99 


“ oa ge 565 W. 


Randolph Ave.. Wood- 
Court, Rome, N, Y 

Corp Gateway 
3. 401 Liberty Ave., 


EXTRUDED 


Resinite Dept., Santa Barbara. 


Plastics 


Wilming- 


Natvar Corp.. 207 Randolph Ave., Wood- 
bridge, N 

New Jersey Wood Finishing Co., 
Insulation Dept., Woodbridge. N. 

Phalo Plastics Corp., 530 Boston Tpke., 
Shrewsbury, Mass. 

Rogan Brothers, 8027 N. 
Skokie. Ill 

United States Gasket Co.. Plastics Div. of 
The Garlock Packing Co.. Camden 1. 


Rome. N. Y. 


Electrical 


Monticello Arve.. 


N. J. 
Varfiex Corp., 504 W 


TUBING. STEEL. See Steel. 
Forms and Grades 


Court, 


Commercial) 


TUNGSTEN. See also Contacts. 


Fansteel Metallurgical Corp.. North Chi- 
cago, I 

Mallory & Co.. Inc., P. R.. Indianapolis 
6. Ind. 


TUNGSTEN WIRE, 


Engelhard Industries, In 
num Div., 113 Astor 


PLATINUM CLAD 
. Baker Plati 
Newark 2, N. J 


UNDERCUTTERS, 
Undercutters 


MICA. See Mica 


VACUUM TUBES. See Tubes. Cathode 


Ray: Tubes, Electron 


VALVES. MOTORIZED or SOLENOID 

OPERATED 

eanuee Switch Co., 
Florham Park 

Barber-Colman Co., 1803 Rock, 


50-M Hanover Rd., 
Rockford, 


Ti. 

Controls Coe., of America, 9551 Soreng 
Ave., Schiller Park, Ill 
General ane Co., 

Schen 


ly 
ouanet *Plectric Vaive Div., 


Apparatus Sales Div.. 
New Britain. 


Corp.. Gateway 


Westinghouse Electric 
Liberty Ave., 


Center, Bldg. No. 3, 401 
Pittsburgh 30, Pa. 


VARNISHED FABRICS. Fabrics, 


Insulating. 


See 


VARNISHES., COMPOUNDS and 
RESINS, INSULATING 
Acme Wire ©o., 1255 
Haven 14, Conn 

Borden Co., Resinite Dept., 
bara, Calif 

Borthig Co., Inc., George C., 242 Paterson 
Ave.. East Rutherford, 

Dow Corning Corp., Mich. 
(Silicone) 

du Pont de Nemours & Co., (Inc.). E. L, 
Plastics Div.. votpcnomienle Dept., 

Hooker Chemical 


Wilmington 98. Del 
Walck Rd., N. Tonawanda, 


Dixwell Ave.. New 


Santa Bar- 


saidiand, 


Durez Plastice Div 
Corp., 1310 
N. Y 

General Electric Co.. Laminated Products 
Dept.. Coshocton, Ohio 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd.. Chicago 6, 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace. Irving- 
ton 11, N, 

London Chemical Co., Inc., 1537 N. Sst 
Ave., Melrose Park Til. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div.. 900 Fauquier Ave., 8 


Paul 6, Minn 
Oronite Chemical Co., 200 Bush, San 
New Brunswick, 


Francisco 4. Calif. 
Permacel-LePage’s Inc., 
General Industrial 
hi 
420 
ze 


N. J. 

Sherwin-Williams Co., 
Div., Cleveland 1, 0 

Union Carbide Corp.. 
Lexington Ave., } 

Westinghouse Electric Corp.. ateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 

Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 82, N. Y. 


Silicones Div., 
York 17, 


VARNISHES, FINISHING. See Lacquers. 
Enamels, Paints and Varnishes, Finish- 
ing. 


VARNISHES, INSULATING. See Var- 
nishes. Compounds and Resins. 


V-BELTS. See Drives, Belt. 


ELECTRICAL MANUFACTURING 





HAGEWN moae 21 
RESET TIMER 


SECOmOS 
Tit DELAY @Eiar 


GCE WANUTACTER RS 
‘ ° 


With unique reset spring feature 


A NEW Clutch Motor Reset Timer with reset spring at- 
tached to time set mechanism that provides correct amount 
of tension over entire dial range—thus contributing to 
longer spring and motor life. Energize to start — de-energize 
to reset. Resets on power interruption. 


TIME CYCLES AVAILABLE 


0-4 Sec. 0-15 Sec. 0-60 Sec. 
0-180 Sec. 0-300 Sec. 


Write for complete descriptive Bulletin 1610. 
Address Dept. EM-1058. 


Baraboo, Wisconsin 


Circle 353 on page 17 











MARK WIRES PERMANENTLY! 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


SY 








) 





Aluminum, steel, brass, 
or zinc. 


Big variety, many 
styles, and sizes. “ Z 
For aircroft, radio, tele- wy 
phone, motor and gen- 
FREE SAMPLES AND FOLDER LISTING 


erator manufacture, etc. 
ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky 








r 


6 One-Piece Construction 


Circle 354 on page 17 


FOLOING DOUBLE CUPPED WASHER LUGS 


Solderless mums) 0 


I el Easy to Apply 
No Special Tool Needed 
; \ Efficient in / 2 Wf Write for 
Os) Kg} i, minen tor 
C= a) KRUEGER & HUDEPOHL, INC. 


1043 EVANS STREET, CINCINNATI 4, OHIO 


OCTOBER 1958 Circle 355 on page 17 


1) 


NEW AGASTAT” 


te 


HAS LONGER OPERATING LIFE 


The Agastat time/delay/relay has 
been completely re-designed, inside 
and out, to make every moving part 
last longer and operate more reliably. 

The new models measure only 
4-9/16 ( max.) x 2-9/16 x 2-5/8” and 
feature flexible contacts that provide 
a wiping action for more positive con- 
tact continuity. Contacts are larger, so 
heat dissipates faster. The new con- 
tact material lasts longer, too. 


The over-all timing range of the 
Dial Head models is from 0.08 sec- 
onds to 15 minutes. Five models, each 
covering a segment of this range, are 
available. They are color-coded to 
identify their particular timing range. 
Any given timing range can be ad- 
justed with just one revolution of the 
dial. The time intervals remain the 
same no matter how often you re- 
adjust the unit. For extra convenience, 
the Agastat has wiring diagram and 
calibration data plate. 


Write for details and application 
engineering assistance to Dept. 


A31-1021. 


Elastic Stop Nut Corporation 
of America 





1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in Pneumatic Tirring 


Circle 356 on page 17 





VIBRATION TEST MACHINES Coptinnntel, _Wise Cerp.. Wallingford, 
General Electric Co., A tus Sales Div., onn. 
Gaon. ae aihaaniacéie Cornish Wire Co.. Inc. 50 Church. New 
Westinghouse Electri Cor, Gateway + . 
Center, Bidg No, 3. 401 Liberty ave” Eastern insulated on Corp.. Walling- 


Pittsburgh 30. ford, Conn. (AB 
WIDEST - Bolte Wine woe caste DW. 
VIBRATORS . ;, 420 Lezingten Ave 


RA Oe  e = '@ ) F me ye ene Ss SD ~ Electrié / piste. 


Oak Mfg. Co.. 1260 N. Clybourn Ave rials Div., Bridgeport 2. Conn (4B 


Chicago 10, ‘Ill. ; ** Microdot, Inc., 220 Pasadena Ave., Se. 
: _asorenn Calif. (X) 
*halo 5 5 


Plasti Cc 3 3 
WAXES and COMPOUNDS ———— i’ 


| Corp.. 3443 Howard, Skokie, Il Phelps Dodge Copper ag Corp., 300 
Corning Corp., Midland, Mich Park Ave., New York 22, NY. 
Geers Electric Co.. _nnanee Products (ABCTX) 
Dos. 


Coshocton, Oh Rex Corp., 245 Hayward Rd., West Acton, 
Binnescte Mining & Mfg. Co., Electrical Mass. (T 
ao ae 900 Fauquier Ave.. St. Rockbestos Products Corp.. New tlaven 4 


\ -_ 
5 6. Mi Conn. (AT) 
> N FROM <> é Zopht 7 Mills, Ine. 112-130 26th, Brooklyn Rockland Insulated Wire Co., Ir Haver- 
> straw, N. Y 


Roebling’s Sons Corp.. John A., Sub. of 
WEDGES and PEGS, ARMATURE pet Fuel & Iron Corp., Trenton 
Insulation Manufacturers Corp., 565 W. Royal Electric Corp., Pawtucket. B. I 
Washington Bivd., Chicago 6. Ill (ABTX) 
National Vulcanized Fibre Co.. Wilming 
ton 99. Del. WIRE FORMS. See Springs. Coil and 
tal 


P Flat: Stampings. Me 
The widest range of WELDING MACHINES and EQUIPMENT 


i . ili i. Ewald Inst ents, Route 7H, Kent, Con WIRE. MAGNET 
time tested stabilized Precision capaci Genera! veblectrie oe net mamas aoe ba Sarees 1255 Dixwell Ave.. New 
- v.. Sec t } (Are) ven 
tors available with polystyrene, polyethylene, teflon, Westinghouse Electric | Co Gateway Anssende Wire on4 Cable Co.. 95 Becet- 
oie J Center. Bldg. No ° 401 "Liberty Ave.. way. New York 4. N. Y¥ 
and mylar plastic film dielectrics. Designed for critical appli- Pittsburgh 30. Pa Belées Mie. Co, 4683 W. Van Buren 
cago ° 
. WELD NUTS. See Fasteners Bridgeport Insulated Wire Co.. 58 Broo! 
cations. FCI Capacitors have high insulation resistance, low win Soon 
é bs . . WHEELS, BLOWER Chase Brass & Copper Co.. Sub. of Kenne 
power factor and dielectric absorption. Low Current, High Torrington Manufacturing Co.. ‘Torrington Electric vAUto-Lite a. Wire. and =. 
° » Wes ‘ort uron, ce 
Voltage Power Supplies From 2KV to 3° KV. Wire Wire Div 


. , Essex Corp., Magnet 
WINDING MACHINES. See Coi! Wind 
ing Machines. Fort Wayne 6. Ind 


Cael able Corp.. 420 Lexington Ave 
ew York 17, N. Y. 
WIRE ANS CABLE, GARE General Electric Co., Construction Me 
American Brass Co., Waterbury 2v. Conn terials Div., Bridgeport 2. Conn 
= oe « Ww “ Div.. U. 8. Steel Phelps Dodge Copper Products Corp., Inca 
Rockefeller Bidg.. Cleveland 13. Manufacturing Div., Fort Wayne. Ind 
Anaconda Wire and Cable Co., 25 Broad- Rockbestos Products Corp.. New Haven 4 
Conn 
. . , way, New York 4, ; a ‘ 
Write for FREE CATALOG showing Chase Brass & Copper Co., Sub. of Ken- Boebling’s Sons Corp.. John A.. Sub. of 
. necott Copper on Waterbury 20, Conn Colorado Fuel & Iron Corp.. Trenton 2 
complete line. Cornish Wire Co., Inc., 50 Church, New N. J 
York 7, N. Y. Sprague Electric Co., 307 Marshall. North 
Essex Wire Co., Wire and Cable Div.. Adams, Mass 


F ] a. M Cc A PA ec t T oO R Ss ’ i N Cc » ¥ yne, ind. 20 S icieitan cane’, Tensolite Insulated write Co., Inc., 198 
‘t Y N 


nN York Main, Tarrytown, N 
or ee 

3405 PARK AVENUE - NEW YORK 56, N. Y. General Electric Co., Constzastien Mate- WIRE MAGNETIC RECORDING. See 

rials Div., Bridgeport 2. Con Magnetic Recorder Components 
Page Steel & Wire Div., American Chain 
: Cable Co., P.O. Box 692. Monessen 
Circle 357 on page 17 . (Stainless or Carbon Steel Armature WIRE, RESISTANCE 

: Banding) Driver Co., Wilbur B.. 1875 MeCarter 

Phelps Dodge Copper Products Corp. 300 Highway. Newark 4. N 

Park Ave., New Yor! N. Y. Driver-Harris Co., Harrisoi 


J. 
Riverside- Alloy Metal Div., = “K Porter Kenthel Corp., 3 Amelia a pn 
| Co.. Inc.. Riverside. N 


Boebling’s Sons Corp., my A., Sub. of Riverside- Alloy Metal Div., H. K. Porter 
J 


y T E E L B L U 3 aimed Fuel & Iron Corp.. Trenton Co.. Inc., Riverside. N. 
> . N. 


Sylvania Electric a, age. 1740 WIRE STRIPPERS. See Strippers, Wire 
19 


—— Broadway. New York 1¢ ; 
Steps Leases Popular ckage is WIRE TIES 


. f 8-oz. can fitted with WIRE and CABLE. INSULATED Electrovert Jee, 489 Fifth Ave. New 
making Dies and y Bakelite cap holding Asbestos (a) ork 17, ! 
soft-hair brush : Varnished Fabric (Cc) WIRING DUCTS. See Ducts. Wiring 
Templates CE plying right at wk 2 Thermoplastic (T) ;, ing 
eee metal surface ready for Coaxial Cable (X) WIRING HARNESSES. See Harnesses 
layout in a few minutes. = | American Steel & Wire Div., U. S. Steel and Assemblies, Wire 
The dark blue background Corp. Rockefeller Bidg., Cleveland 18. 
makes the scribed lines = American Super-Temperature Wires, Ine., a) 4 al WHEELS. See Gears 
show up in sharp relief, 26 W. Canal, Winooski, Vt. (T) ; Kies 
prevents metal glare. In- & Amphenol Electronics ie rx) 88? 8: 54D WRENCHES, SOCKET SCREW. See 
creases efficiency and = an , Backer teed aoa cat Womneean. 
y N. Y. (AB 








accuracy. ‘ 
Co., 4633 W. Van Buren YARNS, BRAIDING and SERVING. See 
Chicago 44. Ill. (ABTX) Fabrics, Insulating 
Bekeproert ——"~ Wise o. 53 eeeet- 
eld Ave.. r eport e onn. ) 
THE DYKEM COMPANY Chase Brass & Copper Co., Sub. of Ken. 2!NC . 
2303F North llth St. «¢ St. Louis 6, Mo. mecort Copper Corp., Waterbury 20. Conn te Jas, Rene Co.. 160 Front. New 
= or 2 
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MINIATURE & SUB-MINIATURE 


. Electrical Coil Windings MULTI-CONDUCTOR CABLE 


For 40 years . . . specializing in all types of Special Strandings .. . Hook-Up Wire 


coils to customers’ specifications. Design or Jacketing ... Shielding... 
engineering assistance available on request. Development ... Short Runs .. . Sub Contracting 


COTO-COIL C0., INC. ROCKLAND INSULATED WIRE & CABLE CO., INC. 


SINCE 1917 Specialty Wire & Cat Products 


63 Pavilion Avenue Providence 5, Rhede Island HAVERSTRAW NEW YORK 


Planetary Cabling 
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every 


ELECTRICAL 
DESIGNER 


should have a copy 


ELECTRICAL shoule 
CONTACTS jg NEW 


4 





Contacts in BRALOY* 


(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts, 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 


"Reg 














LAMINATED AND INLAID METALS 
PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFA 


Circle 361 on page 17 


ee 


MOLDED CORONA BARRIER 
NEW —— ee 





insures uniform 


and 


es 3 Here is a new book on ROSITE, the distinctive arc- 
minimum loss quenching material that is producing worthwhile 
size reductions in electrical moldings! This unique 
‘ : . P ‘ aterial often permits refinement of section and 

thick — “wath 
Precision molding provides the proper thickness ef deposit improvement in design in moldings for many elec- 


each and every time on the transformer winding. Uniformity of olen) eaee. 


barrier thickness assures minimum and uniform corona loss. 
Ideal for TV flyback transformers. COLD MOLDINGS — Stonelike ROSITE 

3442 Howard Street SEND FOR inorganic and organic compounds are first choice 
BIWAX Skokie, Iinois poe acon for hoods, arc chutes, and many other electrical 
Corporation Phone AMbassador 2-3339 applications. Strong, stable, non-carbonizing, heat 
resistant, and arc-quenching! 


HOT MOLDINGS — Now, new hot molded 


ROSITE with properties of the cold molded ma- 
RAJAH SPRING SNAP terial, offers important advantages — the key to 


drastic size reductions... high speed production... 


SOLDERLESS TERMINALS improved strength .. . unlimited design possibilities, 


Write today for new Bulletin 200. 


Circle 362 on page 17 





Merely push the terminal on the base 


stud, and it snaps inte place making Send for your FREE copy! 
a positive electrical connection. To 


remove just pull it off; no screws to 
bother with, no springs to bruise fin- 


ne ROSTONE 


Write for descriptive folder Cc oO RP oO R A T 1 oO N 
THE RAJAH COMPANY Engineers and Custom Molders 


2405 §. Concord Road, Lafayette, Indiana 





35 VERONA AVE., NEWARK, N. J. 
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Hi-Lo Load-0-Matic Control 
Eliminates Pulley Slow Down 


Hi-Lo Variabie Speed Pulleys 
positively maintain the desired 
speed ratio over a wide range of 
load variation by means of an 
exclusive cam and cam follower 
assembly. This means: 

Pulley speed is independent of 
load and load changes. ‘‘Drag”’ is 
eliminated and high shock absorb- 
ency provided. 

Pulleys do not compress belt 
due to spring pressure. Springs 
are not driving members. They 
act only to keep pulley faces in 
contact with belt. 

Pulleys automatically regulate 
belt tension. Because of the cam 
assembly, belt is never under more 
tension than required by the load. 

Double cams maintain constant 
belt alignment. 


HI-LO PULLEYS COMPARED 
TO OTHER VARIABLE SPEED PULLEYS 


sie rascals Se eS 
| |HI-LO PULLEY; | 

oe oe ee 
— Ss ee a ak as ca ce Ce a Oa 


p+ — 4 4 














$4 


cat: ham, 1 Ss PE te 

tt 
Se eeaceeee 

90[ | |__| | CONVENTIONAL SPRING ~ 
|_| LOADED PULLEY 


= = Se T | 
900 a a a cam, | T ‘ea ee ee 
COP errr rrr 
LOAD AT TORQUE ARM, POUNDS 
PLUS THESE OTHER FEATURES: 
Smaller in size than comparable units. 
Quickly and easily installed. 
Replaceable face assemblies drastically 
cut repair and replacement costs. 
Available in sizes from .5 to 5 hp., ratios 
to 2.5/1 (single pulley) 6.25/1 (double 
pulley). 
Request details and prices. Ask for 
Bulletin A-458 


Nationally Distributed By 
LOVEJOY FLEXIBLE 
COUPLING COMPANY 


TURING 
MPANY 


4952H W. Lake St. 
Chicago 44, Ill. 
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INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnished 
expressly for that purpose which appear on page 17. 


AMP Incorporated 

A’G’A Div., Elastic Stop Nut Corp. 
America 

Ace Plastic Co. 

Acme Electric Corp. 

Adams & Westlake Co., The 


Advanced Vacuum Products, Inc., 
A Div. of General Ceramics Corp. 


Aerovox Corp. 

Akron Porcelain Co. 

Allegheny Ludlum Steel Corp. 

Allen-Bradley Co. 

Allied Radio 
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Electrical Wire Div., Sub. of The 
Colorado Fuel and Iron Corp. 


NEW GENERAL ELECTRIC 
BEAD SIZE THERMISTORS 


ACTUAL 
SIZE 


New G-E ‘Bead Size’’ Thermistors — 
D-054 (1000 ohms at 25° C) and 
D-051 (20,000 ohms at 25° C) 


BETTER TOLERANCES 
... FOR LESS COST 


G.E.’s new “bead size” D-050 se- 
ries thermistors are available with 
resistances from 1,000-20,000 ohms 
at 25°C. These .05-inch diameter 
disc thermistors provide lower 
thermal time constants and are 
available for 250°C maximum oper- 
ating temperature (standard, 150° 
C). You can buy them economi- 
cally with resistance tolerances of 
only +5% (standard, +10%). 


NEW THERMISTOR MATERIALS 


Extensive research has added 
many new thermistor materials to 
the G-E line. These can now be 
used in a wide variety of design 
applications not previously cov- 
ered by grade 1 and 2 materials. 


COMPLETE RESISTANCE RANGE 


G-E thermistors can be supplied 
in sizes from .05 up to 3 inches 
with resistance values from 1 to 
10,000,000 ohms, and temperature 
coefficients of resistance from 
—1% to —5% at 25°C. For more 
technical information or the as- 
sistance of a G-E engineer, write: 
Magnetic Materials Section, Gen- 
eral Electric Company, 7804 N. 
Neff Ave., Edmore, Michigan. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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THE RELIANCE SUPER ‘T’ 


Here is a motor built to make maximum 
use of d-c. flexibility. The Super ‘T’ puts 
Dynamic Response into starts, stops, and 
speed changes. Dynamic Response gives you 
a 50% increase in torque and a 50% decrease 
in reaction time. 

This top performance is due to advanced 
balanced design. Lighter, small diameter 
armatures cut mechanical inertia 50%. Su- 
perior Class B insulation, gives extended 
life even at temperatures as great as 130°C. 


RELIANCE incineraine co.* 


A New Kind of D-c. Motor With DYNAMIC RESPONSE 


Top grade insulation plus engineered ven- 
tilation lets the Super ‘T’ take tremendous 
overloads. In fact, the Super ‘T’ can develop 
double normal horsepower during starts, 
stops, and speed changes. 


The Super ‘T’ is a compact power pack- 
age, designed inside and out for tough 
industrial service. From appearance to per- 
formance, the Reliance Super ‘T’ with 
Dynamic Response is today’s most modern 
industrial motor. 

C-1577 


DEPT. 2710A, CLEVELAND 17, OHIO 
CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in principal cities 
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TYPE SA* 


TYPE A* 


STEMCO THERMOSTATS 


the complete line for appliance and apparatus use 


The best way to check rising 
thermostatic control costs is to 
check up on the Stemco ther- 
mostat line while your product 
is in the planning stage. Since 
the Stemco line is the broadest 
line in the industry, there is a 
good chance that a standard 
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THERMOSTATS 
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production-line Stemco thermo- 
stat—or a minor variation 
thereof—will fill your special 
requirements exactly. That 
saves design and “‘lead”’ time... 
saves on development costs 
... gives a proven unit at a 
realistic cost. 


AA-6294 








manufacturing company, ine. 


Lexington and Mansfield, Ohio 


*Refer to Guide 400 EO for U.L. and C.S.A. approved ratings. Patent Applied For. 





